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FOREWORD

The work reported herein was performed by the Grumman Aerospace Corpora-
tion under the NASA/Langley Master Agreement and Contract No. NAS 1-10635 for
the Development and Implementation of Space Shuttle Structural Dynamics Modeling
Technology. The Work Statement of Task Order No. 19, "Development of & Thermal
Stress Analysis Program For Reusable Surface Insulation for Shuttle", author-
ized and specified the tasks to be performed in this study. The period of per-

formance was for 13 months starting in Avgust of 1973.

The overall supervision of programs under the Master Agreement is provided
by Mr. E. F. Baird, Master Agreement Program Managerl The Task Order lo. 19
Project Manager was Dr. I. U. Ojalvo. Many individuals at Grumman contributed
to the work reported herein. However, the authors wish to specifically
acknowledge the significant efforts of Mrs. Patricia Ogilvie for greatly as-

sisting in the development of the asssoclated computer program.
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I. INTRODUCTION

The integrity of a reusable space éhuttle system is strongly dependent

‘ upon proteeting the orbiting vehicle from reentry heating in a manner which
does not require significant refurbishment between missions. The@athermal
protection system (TPS) selected to fulfill this need is a nonstructural
reusable surface insulation (RSI) material shaped into individual tiles which
cover almost all of the orbiter surface area. Most of the tiles are square -
in planform and measure 15 x 15 or 20 x 20 em. (6 x 6 or 8 x 8 in.), with
thicknesses which vary roughly between 1.2 and 7.5 cm. (0.5 and 3 in.). Since
loss of a single tile could be catastrophic, RSI tile stfesses‘must be acci~

rately determined for the anﬁiéipatéd gstatic, dynamic and thermal environments.

This report describes an iberative procedure for aécurately‘determining
tile stresses associated with static mechanical and thermally induced internal
loads. The necessary conditions for convergence of the method are derived in
Appendix A. A user-oriented computer program based upon the present method of
énalysis Waé developed., The program, which is titled RESIST (for REusable
Surface Ingulation §Eresses) is capable of analyzing multi~tiled panels and
determining the associated RSI stresses. Typical numerical results froﬁjthis
bomputer program are presented. A user's manual to facilitate its implementation

ig presented as Appendix B.

' Because of the complex geometry, nonuniform aniéotropic material properties,
and detailed three-dimensional stress states,. the TPS was idealized by finite |
élement assemblages with up to 2500 degrees of freedom per tile. Since a number
of tiles affixed to a given structural panel will, in general, interact with one
another, application of the standerd direct gtiffness method would‘fequire
simultaneous equation systems involving excessive numbers of unknowns. The
present iteration scheme overcomes this problen by treating each tile separately.
An importent byproduct of this approach is that it avoids conditioning prﬁblems |
associated with combining low-stiffness tile isolation elements (E = 50 psi)‘with

high-stiffness primary structure elements (E = 10 x 106 psi).

A related effort for obtalning tile stresses associated with typical
-shuttle-panel lower fregquency modes, Reference 1, is being extended further to

accommodate acoustic response problems,



IT. TECHNICAL APPROACH

A, STRUCTURAL CONFIGURATION
.The design configuration for which an analysis procedure is presented is
shown in Figure 1. It consists of a stringer-stiffened flat rectangular panel

which supports a nonstructural thermsl protection system (TPS).

The TPS is composed of a series of rigidized (RSI) tiles. The tiles
are undercut on all four sides to accommodate "filler-strips"., The purpose of
the nonrigidized filler-strip insulation is to prevent severe heat penetration

through the gaps between adjacent tiles,

The RST material is not bonded directly to the primary structure, but to a
thin, stiff, strain arrestor plate first, and then, in-turn, to a soft strain
isolator material., The function of both these items is to help isolate the
primary-structure strains from the low-strength RSI'tiles, for the wide range

of loading environments which the vehicle must sustain.

B. GENERAL SOLUTION FROCEDJRE

Because of the detailed complexity of the struetural cénfiguratioﬁ and the
dependence of material properties upon temperature, an analysis procedure hased
upon finite element methods was selected. However, direct application of the
standard direct stiffness finite element procedure, to obtain accurate three-
dimensional tile stresses, would require equation systems involving excessive
numbers of unknowns. The reason for this is that many tiles affixed to a given
structural panel may interact. Since each one is a three dimensional body
requiring a detalled structural idealization, their simulténeous consideraticn
requires the solution of large systems of equations. To overcome this problem |
a rapldly convergent iteration scheme, which treats each tile sepafately, was
developed. The basis for the method is that the TPS i non-structursl but its
stress levels, which a&e critical, must be computed, Thus, it becomes possible
to neglect the stiffness of the TPS initially to determine approximate primary- -
structure static deflections. In these initisl caleulations, the external
mechanical loads acting upon the tile are applied to the primary structure
directly. The logic flow for an efficient computer program which employs this

procedure is presented in Figure 2.
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An iteration procedure is performed where, in each step, the resulting
primary structure deflections are imposed individually upon each tile at the
tile/primary-structure interface, and the tile deflections and interface bound-
ary loads are obtained., The tile interface loads obtained are then agsembled

and their reactions are applied to the primary structure.

New primary sitructure deflections are obtained and compared to the previous
set. By this method each tile is temporarily assumed uncoupled from all others.
Although this is not strictly true, the coupling involved is sufficiently wesk to
insure accurate approximate results and rapid convergence as well. A discussion on

the conditions for convergence is presented in Section TI.F and Appendix A,

It should be noted that an important byproduct of the present tile-by-tile
solution procedure is that, unlike the direct stiffness method, it avolids numer-
ical precision problems associated with directly combining a low finite element

stiffness (E= 50 psi) with a high primery structure stiffness element (8 = 107 psi).

C. STRUCTURAL IDEATIZATION

A pictorial representation of the four finite element types incorporated in
the RESIST computer program is presented in Appendix C. A brief degeription of
these elements and how each type is used in the overall structural idealization is

presented below.

Primary Structure

The primary structure stiffness idealization is based upon two finite elements
contained in the Grumman program library described in Reference 2. The panel
surface is represented by flat rectangular membrane-bending elements. The elements
possess three deflections and two rotations at each node, for a total of 20
independent nodal degrees of freedom per element. The stiffeners are represented
by beam elements which bend, stretch and twist. These elements possess 6 degrees

of freedom per node, for a total of 12 degrees of freedom per element,

In general, the stiffeners do not attach to the plate nodes at the beam
centroids. The stringer attachment points actually used coincide with the plate
node which 1s closest to the centroid of each beam element. The assumption
associated with this connection is that the attachment point and beam centroid
move as'two'points on the same rigid body. Furthermore, the principal axes of the

beam cross section may make an arbitrary angle with the plate surface,

24



Thermal Protection System (TPS) Tiles

The basic étiffness element used for the RST tiles and strain isolator is
the anisotropic hexahedron, first proposed in References 3. The extended version
of this element (see Reference 4) which is contained in RESIST has 3 deflection
degrees of fresdom per node and 8 nodes per element (the more general version
which is available permits up to 20 nodes per element)._ A typical ﬁnderqut tile
" with element and node numbering is shown in Figure 3. The top layer of sach tile
also has a‘coating material which is idealized by rectangular membrane elements.
The bottom two layers of esch tile comprise the strain isolator and strain
arrestor, respectively. The undercut regions of each tile are filled with soft
nonrigidized insulation material. This has a negligible effect upon the stresses
within the rigidized tile material. Thus, for purboses'of computing the tile

- .deflections and stresses, the uadercut regions are treated as empty voids.

Automatic Grid Generators

. To reduce the quantity of input data significantly, two automatic mesh
'generating schemes wére developed. The first séhemelgenerates the primary
structure geomefry, node and element numbering system, material properties,
and boundary conditions; the second dpes exactly the séme thing for_the TPS,
Eaﬁh requires a minimum of information, such ag overall dimengicns, stringer:
pitch, material properties (as a function of témperature).and TPS material
'temperatures and element prqperties from which data may be interpolated (see
Appendix B for details).
D, FLEXIBLE TILE SOLUTIONS

The effects of tilé stiffness are neglected for the first primary structure
gsolution,  However, for determining tile stress states it is necesséry to account
fdr their stiffness, This is achieved by imposing the primary-structure/TPS -
interface deflections GB ;and external mechanical and thermal loads to each
tile. Then the associated tile deflections, 5A},are'gomputed o obtain tile
gtresses and reasctions, -PB}'- As described earlier, this is done in an
iterabive manner until convergerice is ebtained.

Referring to Figure 4, the associated partitioned matrix equations governing

each tile are:

Keg *mal l%8)] V% * &
d7 - (5)
Kig Kaal %2 ) B2t B Y
L

' where the barred P's refer to thermal loading terms.
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(6)

ThlS equation is then expressed asz: ' }

.[“’*]{6%] s o} I Rt R |
e B k)] Bofs) @

Fquation (6) is next solved for N :Lwh1ch is then substituted into
Equation (7) for {-PB} i Once convergence of the{ ﬁBl have been achieved,
the tile stresses are computed from the hexahedron stress recovery equations

(Ref. h),
E, TPRIMARY-STRUCTURE DEFLECTIONS

The original primary-structure deflections are computed on therbasis of ignoring
the tile stiffnesses. Thus, they are approximate and may require correction. To
effect this,‘the tile boundary reactions, 'PB}i’ are collected for all the tiles
and applied to the primary-structure, to yield neyw primery structure deflections
5ps} . The process is repeated until the convergence test:
max elem Iéps‘-e > max element of

&ps}:present - {6ps} previous
prasent 7 .
is satisfied, where € is a small positive quantity specified by the program

uger. To obtain greater accuracy, & smaller value of & should be specified;

however, this would probably require more iterations and consequently gréater computer
 time,
F, CORVERGENCE CONDITION

It is shown in Appendixz A that the mathematical condition for asbsolute con-

vergence of the present iteration procedure is that the meaximum eigenvalue,

hmax’ of the eguation - [ ps] [ :I [%,} = } (8)

must be less than 1, where

=] [*s]- [i] '[%] el o

~and the barred matrices sre similar to the unbarred terms of Eg. (5), except
that they pertain to the assembly of all tiles, rather than just a single tile,

in contact with the primery structure.



G, DETERMINATION OF TILE THERMAL STRESSES

At any instant in time, each tile affixed to a given structural panel is
agsumed to have the same three dimensionsl transient temperature distribubion.
Thus, it is only necessary %to input data for a single typical tile. Starting
with any desired number of coordinates and corresponding temperaturé inputs,
Lagrangian interpolation formulas may be used to compute the temperatures a%
arbitrary points within the tiles. Another temperature distribution option
available to the program user is one in which eazh structural nodal temperature

is specified.

To obtain finite element deflection solutiong, a mechanically equivalent
thermal loading vector is computed. In computing this vector, the assumption
is made that the temperature is uniform within each element. The temperature
selected for this calculation is the average of each element's 8 nodal

temperatures.

While the uniform temperature assumption is usually adequate for computing
thermal strains'within an element, it is not sufficiently accurate for determin-
ing thermal stresses. The reason for this is that the thermal loading, from
which deflections and strains sre computed, is dependent upon integrated element
temperatures. However, the element thermel stresses depend upon nonintegrated
local temperatures. A rigorous proof of these statements may be found in
Reference 5. As a result of thig, the present program computes accurate tile
thermal stresses using the local temperatures rather than the average element

nodal temperatures.

2—-10



TIT, NUMERICAL RESULTS

To demonstrate the rumericel convergence properties of the proposed
iteration scheme, several examples were run. The material properties and
loading conditions used, while not precise in a specific desigh sense, are

representative of the problem parameters the method is intended to accommodate,

Figure 5 shows the configuration, finite element idealization, and materiel
properties for an example with three separate load cases., The largest primary
structure nodal deflections and a#erage stress components for certain R5I elements
are presented as a function of iteration number in Table 1. Although the stress
levels appear quite low, it should be noted that the RSI material direct stress
allowables are in the 30 psi range for the x, v directions and even lower for
the z direction and sghear allowsbles, Table 1 reveals s rapid convergence'
raté and 2 high level of accuracy for the initiel approximation (in that the

maximim error for the first iteration is less than‘B% in all cases).

~ These observations are further strengthened by the more realistic shutfle
‘tile example (Example %) shown in Figure 6., This problem consiste of a -170°F
cold_Soak of three 6%6 inch tiles, each of which are 2 inches thick and have
1 x % inech edge undercuts., The priméry structure is a .04l inch alumihum.plate ‘
‘With offset stringers spaced half sn inch apsrt. TTwo oppogite boundaries were
held against outfof-plane deflection With the other two ends free. To.permiﬁ

free thermal contractions, in-plane plate motion was permitted.

'

The resulting direct stresses for the first and fourth itersations are
plotted in Figuré T for tiles 1 and 2. Becasuse the differences were so slight,
second and fourth iteration values for qxarellisted in Teble 2. Running time
for this realistic type problem on an IBM 370 sveraged 1 1/3 CPU minutes per
tile plus a fixed time of 8 minutes. Thus, four iterations of the three tiled

configurétion required approximetely 24 CFU minutés.

:
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TABLE 1

CRITICAL DEFLECTIONS AND STRESSES
Vs
ITERATION NUMBER

{ REFER TC FIGURES )

EXAMPLE 1: N, = 10,125 1b/in, P = 0, AT = O
ITERATION NO. Avg, o;; (psi) Avg. o, (psi) PRIM. STRUCT.
ELEM, NO. 25 ELEM. NO, 21 w(x = 0) x10°4n.
1 17.33 3.497 -3.566
2 17.51 3.503 -3.565
3 17.51 3.503 -3.565
b 17.5L 3.503 -3.565 ,
e e———
EXAMPLE 2: P, = 100 psi, N_= 0, 4T = O
ITERATION NO, Avg. o;; (psi) Avg. o, (psi) PRIM, STRUCT,
ELEM, NO, 25 ELEM. NO, 21 w(x=3 1/3 in)
_ ‘ X 103 in
1 38.62 -3,1kLs ~7.222
2 37.90 -3.068 -7.017
3 . 37.90 -3,068 ~7.,022
L 37.90 -3.068 ~7.022
EXAMPLE 3: AT = -325°F, N_=0, B =0
ITERATION WO, | . Ave. o (psi) | Ave. o (psi) u(x=0) x 16° in.
ELEM, NO. 25 ELEM., NO, 21
1 -16.38 -3.935 2.838
2 -16.75 -3.889 2.837
3 -16.7h -3.801 2,837
L ~16.7Th -3.890 2,837

*Direct streés allowables for the RSI material in the x and y direction

are of the order of 30 psi.
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TABLE 2

SOME VALUES OF o FOR ITERATIONS 1, 2, & L4 OF EXAMPLE L4 (Refer to Figs 6 and 7).

cxx(jpsi) for y = 2.82 in, z = ,13 in,
x or First Iteration TILE NO, 1 TILE NQ, 2
x - 6(in, ) Tiles L, 2, and 3 } geoong Fourth Second Fourth
Tteration | Iteration Iteration { Iteration

.50 0 0 0 0 0
.63 -7.3 -7.3 =7.3 -7.3 -7.4
.99 -8.0 -8.0 -8.0. -8.2 -8.2
1.26 -15,2 -15.3 -15.3 -15.6 -15.7
1.62 -1k,6 -1k, 7 -14.7 ~14.9 -15,0
1.88 -18.4 " -18.6 -18.6 ~19.0 -19,1
2.2} -18.1 ~18.3 £18.3 -18.6 -18.7
2.51 -20.0 -20,1 ~20.2 -20.6 -20.7
2,87 -19.,8 -20,0 -20.1 -20.k -20.5
3.13 -19.8 -20,0 -20.1 -20.5k -20,5
"~ 3.4 -19.9 -20,2 -20,3 -20.6 -20.7
3.76 -18.1 -18.3 -18.4 -18,6 -18.7
4,12 -18.4 -18.8 -18.8 -19.0 -19.1
L.38 -14,86 -14.8 -14.8 -14,9 -15,0
b7k -15.2 -15.5 ~15.5 -15.6 -15.6
5.01 -8.0 -8.1 -8.1 -8.2 -8.2
5.37 7.3 -7.3 -7.3 -7.4 7.4
5.50 0 0 0 0 0




IV.

CONCLUSTONS AND RECOMMENDATIONS

An efficient iterative procedure for the stetic mechanical and thermal
stress analysis of RSI multi-tiled shuttle panels has been developed. . The .
method, which is quite general, is rapidly convergent and highly useful for!
this applicationf Conditions under which the general technique will con-
verge absclutely have also been presented. '

- A user-oriented compufer program based upon this procedure and titled

RESIST has been prepared and successfully tested. RESIST, which uses finite

element methods, obtains three dimensional tile stresses in the isolator,
arrestor (if any), and RSI materials. Two-dimensional stresses are bbtained
in the tile coating and the stringer-stiffened primary-structure plate. A
special feature of the program is that all the usual detailed finite element

grid data is generated internally from a minimum ot input data.

The program may be used in an iterative mode to obtain detailed results,
- or, becuase of the extremely accurate results cbtained from the Tirst iterste,
ag a design tool for parametric studies, Thié is achieved by having the pro-
gram analyze certain specific tiles of a multi-tiled panel only once while

ignoring less critically stressed tiles,

At present the program can accormedate tile idealizations with up %o
850 nodes {2,550 degrees-of-freedom) and primary structure idealizations with
a maximum of 15,000 degrees-of-freedom. In addition, the tile pattern must
begin and end at a structural frame and the isclator material must be isotropic.
Should such restrictions, or any similar ones, require alteration as the shuttle

TPS design changes, it would appear logical to update RESIST.
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V.

NOMENCLATURE -

Modulus of elasticity

Modulus of elasticity in thickness (z) direction

Shear nodulus

Shear modulus for fhickness shesr (xz and yz) directions
Poisson's ratio

Poisson's ratio for thickness (z) direction

Primary structure membrane stretching load

Normal pressure upon R3I tiles

Uniform change in struchural temperature from reference

tenperature

Thickness of coating

Plate thickness

Deflection in x direction
Global coordinates

Loeal Eoordinates

Coefficient of thermal expansion
Direct stress in x direction:

Shear stress



K]

[Kp]
[Kp]

Primary structure stiffness matrix

Tile stiffness matrix

Defined by Eq. 9

[Kaals(Bapls [Kgals [Kppl Matrix partitions of [K;]

CA]

{Pp)
{Fal
{Fpls
{-Pp}
%)

{85}

{8ads

fegls

( )(J)

[ ]

. R . -1 !
Diagonal eigenvalue matrix of [Kps] [KT]

Mechanical tile loading associated with degrees of freedorw

which are not in contact with the primary structure

Mechanical eguivalent of thermal léading associated with degrees

of freedom which are not in contact with the primary structure

Mechanical tile/primary-structure interface loading acting upon

10 ti1e

Reaction of all tileg acting upon primary structure
Eigenvector assoclated with Ay
Primary structure deflections

th
Node deflections associabted with degrees of freedom of i +4ile

not in contact with primary structure

Deflections of ithtile at node points which are in common with

primary structure
Primary structure deflections convergence parameter

Element of diagonal matrix [Al

Superscript indicates the jth iteration

Similar to unbarred watrix except that it applies to the assemhly
of all tiles
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APPENDIX A

CONVERGENCE CONDITION. PROCF

In Section II.F it was stated that the condition for convergence of the

© present iteration procedure is that the maximum eigenvalue, Kmax’ of the

[KPS] - [ -T] (x, 1=, {xij | . (2.1)

mist be less than 1, where

[+ -[5. Y 0

and the barred matrices are similar to the unbarred terms of Eg., (5) Section

equation

IT,D, except that they pertain to the assembly of all tiles rather than just
a single tile, in contact with the primary structure, The proof of this state~

ment proceeds as follows:

The load-deflection relation for all tiles is

rl_{BB Koy 513(3) PB(j) +P | | .
= (4.3)

- where the superseript ] indicates that the equation is being applied for the

.th
Jt iteration, If {6 (J)} is eliminated froam Eq, (A. 3) the follow1ng relatlon-
ghip for the interface load {P (J)} is ootalned

SRCL I R R TACH P o B : (A.4)
where [KfT] is given by Eq. (9) and

() = (Rl (Fia] ™ (20 * B - (R ) (4.5



The load-deflection relation for the primary structure is

[BB(J"‘]-)}__. _[KPEJ "llPB(J)i (ﬂ.6)

The general solution procedure discussed in Section II.B is accomplished by
repetitive application of Eqs. (A.4) and (A.S5). An equivalent recursion re-
lation is obtained by substituting Eq. (A.4) into Eq. (A.5); viz,

= - [ K -1 K’ 5 (J) K -1 Pt { .
[ os] X1 ])%8 - [ .ps]. {Pr} (A7)
Since Egs (A.L) and (A.5) are satisfied simultaneously by the exact solution,

. i j+1 . .-
LaB} (i.e., for { 53(3)} = {53 ( )} = {5B}), Eq. (A.,7) is identically satisfied
by this solution. Thus,

{SB} = - [Kps] -1 IKJT-I {_5B} - -Kpsj -1 {P'} (A.8)

To determine how an error in the jth iteration will propagate, {6B(J)} is

written as follows:
{5B(j)} = (o} + Le(3)y (4.9)

. e
where the error {e J)} is simply defined as the difference between the j 2
iteration and the exact solution. Substitution of Eq (A.9) into (A.7), and

successive application of Eq, {A.7), using Eq. (A.8), yields

;53(3”’“)‘ = {65} + (-1)" ([KPS]'l [K’T])n B (4.10)

Next, [Kﬁsﬂ'l [K'T] is expressed in terms of its eigenvector matrix [X] with
rows {x.} and its eigenvalue matrix [A] (which has the eigenvalues ki on the
1

diagonal)

(K 17 [K'g] = [x] [a) [0 (a.11)



Since

([Kps]'l (K, J)“ -ttt (a.12)

and the eigenvalués of a positive—definite or semidefinite matrix must be
non-negative, Bq. (A.10) shows that the iteration procedure will be convergent

- -

for 211 errors {g}if and only if =1l eigenvslues of {Kpsj 1 fK’Tj are less than unity.

To obtain some physical insight inteo this é;ﬁvergence criterion, assume
that deflections.corrésponding te any eigenvector, {xi}, are applied to the
tiles of the primary structure interface points and that these are the only
points that are loaded. Eq. (A.L) shows that thé load on the tiles is [K“T] {xi}.
Next, suppose that an equal and opposite load is applied to the primary structure.
Eq. {(A.6) shows that the resuiting deflection is

[Kpsrl [Kg] fx 3 =0y %) (4.13)
Thus, the primary-structure deflection is3xi times the imposed tile de-
flection‘[xi]. Consequently, if O <), <1, the tiies may be cons;dered to be
more flexible than the primery structure in the i~ mode, Sinee the convergence
criterion requires that li max é'l, the prodedure will be convergent when the
tile-system is more "flexible", so to speak, with respect to the lower boundary. -

than the primary structure.



APPENDIX B

USER'S MANUAL FOR

RE*S*I*5T

'(STATIC AND DYNAMIC REUSABLE SURFACE INSULATION STRESS PROGRAM) |



A. INTRODUCTICN

This Appendix describes the use of a finite element based structural com-
puter program for determining the static response and natural vibrations of
TFS protected shuttle panels., The program is titled "RESIST" for statie and
dynamic EEusable Surface Insulation Stresses, The logic flor for RESIST is

presented in Figure B-1.

The basis for the method is that the TPS is nonstructural but its stress
levels, which are critical, must be computed. Thus, it becomes possgible to
neglect the stiffness of the TPS initially, but not its mass in the vihration,

to determine approximate primary structure deflections,

An iterative procedure is then performed where, for each step, the primarv
structure deflections are imposed individually upon each tile at the tiie/
primery-structure interface, and the tile deflections and interface boundary
loads are obtained. TFor the vibration option, the freguency is updated by com-
puting a Rayleigh GQuotient, using the latest non-rigid tile displacements in
addition to the corresponding primary structure displacements. The individual
tile boundary loads obtained are then assembled and their reactions are applied
to the primary structure., New Primary structure deflections are obtained and
compared to the previous set. This process is repeated until convergence is

obtained,.

B, TROGRAM LIMITATIONS

The usual assumptions for programs based upon the linear elastic finite
element method are applicable to RESIST,. However, to facilitate the prepara-
tion of program input, a number of simplifications regarding the configura-
tion and loadings have been made. Thus, the generation of a volumincugs quan-
tity of finite element input data has been greatly reduced by inclusion of
a series of data preprocessing subroutines within RESIST. The restrictions

upon which these subroutines are based follows:

1. Boundary conditions and edge loadings are assumed uniform along
the four rectangular plate edges defined by x = 0, Lx and y = 0,
Ly._

2. The primary structure plate temperature and properties are all

uniform,
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3. The stringers are equelly spaced with temperatures and properties

which are all uniform,

L, Al tiles are geametrically identical as are their temperature

distributions and uniform pressure loadings.

5. The boundary conditions must be selected such that the primary
structure is statically stable,

The remaining limitations are primarily concerned with the program's
capacity and should be adhered to by the user. These limitations are as

follows:
6. Maximum nmumber of nodes in a tile = 850,

7. Maximum number of finite elements running in any one direction

in 2 tile = 20,
8. Maximum number of ncdes in primary structure = 2500,
9. Maximum number of primary structure nodes along x or y direction =
1,000.
10, Maximum number of degrees of freedém in primary structure
10,000 for vibration option ,
15,000 for statics option,
11, Maximum number of natural mode shapes = 50,

12, Maximum number of stringers = 15,

13. To avoid a singular stiffness matrix, Iz’ and sin B must not

both be zero for a given stringer,

A violation of restrictions 6-13, inclusive, will cause the program to stop

and an appropriate warning message to appear.

To insure symmetry of solutions for panels which are symmetric with re-
gard to stringer locations about y = Ly/2, care should be taken wtih the input
data to see that the plate nodes associated with the stringers sre symmetric
asbout ¥ = Ly/2. Thus, the number of primary structure finite elements in the

¥y direction should not be odd if the number of panel étringers is even,

B4



C. INPUT INSTRUCTIONS |
A description of the card input for the IBM 370 and CDC 6600 versions of this

program ig presented in this section.

In addition to the first two input cards which contain literal data, such as

special program title and date, in columns 1 through 80, inclusive; there are six

groups of input cards containing the following information:

Group A - Instructions regarding the type of probvlem being performed, num-

ber of iteratious desired, and type of cutput information.

Group B - Details of the geometric configuration and finite element mesh of
the primary structure and tiles. (Card B.L4 is omitted if there are no
tiles)

Group C - Defines the primary structure and RSI temperature dependent

material @roperties. If there is no TPS, cards C.3 through C.1l are omitted,
Group D ~ Specifies the primary structure boundary conditions

Group E - Describes the mechanical loading upon the primary struecture as well
as its temperature, These cards are omitted when the vibration option is

used

Group F - Defines the R8I temperature distribution. These cards are
omitted if there is no TPS.

_/—F. TILE TEMPERATURE CARDS
/= E. MECHANICAL LOADING CARDS
_/=D. 4BOUNDARY CONDITION CARDS

@ATERML PROPERTIES
_/£=="8. GEOMETRY CARDS

/S A. OPTION & CONTROL CARDS

2TITLE CARDS




A, TFROGRAM OPTIONS AND CONTROL — Sheet 1 of 2

CARD(S) COL{8) | FORMAT | SYMBOLS UNITS DESCRIFTTON
ALl i-5 15 - - 1 in col, 5 denotes that a statics problem is being treated. Skip cols., 625
in such cases
. 2 in col. 5 denotes that & natural vibration problem i1s being treated,

6-10 I5 ND - Number of desired mode ghapes (50 is the maximum permitted).

16-20 i5 E - Number of reorthogonslizations for eigenvalue slgorithm, A min of 2 and a max.
of 5 is suggested with 3 as an adequate compromige for most problems, The run
should be repeated with grester values for s or Nb if the freguency error
bound of a desired mode is greater than 1%.

21-25 15 - - Vibration mode mmber for which tile modes are desired.

26-30 I5 imax - Maximum number of iterations

in, oy Convergence parameter, Maximum primary structure deflection or rotation

31-40 E10.0 g { rad, difference between iterations divided by magnitude of largest element,

he-50 15 - - 0 in epl. 50 indicates thet primary structure stresses and strains are not
required,

1 in col. 50 indicates that only midplate strains and stresses of primery
structure are required,

2 in col. 50 indicates that only top of plate strains and stresses of
primary structure are required.

3 in col, 50 indicates that only bottom of plate straing and stresses of
primary structure are required.

4 in ceol. 50 indicates that only mid and fop of plate strains and stresses

of primary structure are reguired.

5 in col, 50 indicates that only mid and bottom of plate streins and stresses
of primary structure are required,

6 in col, 50 indicates that only top and wottom of plate strains and stresses
of primary structure are required.

7 in col, 50 indicates that top, bottom, and mid plate strains and stresses
of primery structure are required.

51-60 E10.0 - ib-in- Overhung rotatory mass inertia ¢ ..ocisted with each stringer. Used if

2 rlate overhange x = Q apd x = Lx boundaries.

Bec




A. TROGRAM QPTIONS AND CONTROL — Sheet 2 of 2

cARD(S) 1 CoL(s) | FORMAT SYMBOLS UNLITS DESCRIPTION
A2 1—5 I5 - - 0 in eol, 5 indicates that tile stresses are ot required,
1 in col. 5 indicates that tile stresses are to be computed after each
iteration is performed.
2 in eol. 5 indicates that tile stresses are to be computed only after
last iterstion is performed or only after convergence is obtained.
6-10 15 - - 0 in col. 10 if primery structure stresses and strains were not requested
in eolumn 50¢ of Card A.1,
1l in col. 10 indicates that primary structure stresses and strains are
required after each iteration.
2 in'col. 10 indicates that primary structure stresses and gtrains are
required only after last iteration or, only after convergence.
*
11-15 I5 - - 0 in col, 15 indicates no tiles on the primary structure. Skip card A,3
1l in eol, 15 indicates that there are tiles on the primary structure.
16-20 I5 - - 1 in col, 20 indicates tile node map printout desired., 0 = no node
map printeout,
21-25 I5 - - 1 in col. 25 indicetes tile element map printout desired, O = ne
element map printout.
26-30 15 - - 1 in col, 30 indicates t11e nodal coordinate, temp. and nodes per
element printout, - - e
0 in col, 30 indicates suppression of this printout.
31-35 15 - - 1 in eol. 35 indicates printout of element stiffness matrices.
) 0 = no element stiffness matrices.
36-%0 15 - - 1 in col, 40 indicates printout of assembled stiffness matrices and
ALABM reorthog. info.
0 in eol. L0 indicates suppression of +his printout.
ks | 15 - - 1 in col. 45 indicates printout of unit no., file no., and matrix
storage info, for program debugging.
- 0 in col, 45 indicates suppression of this printout.
A.3 1-k, NETR - - This card is uged Lo indlcate which tile stress states are desired.
5.8, Ih4 - - User may specifically request up to 20 tile stress ststes (see Figure A,2
9-12, Ik - - for tile numbering scheme). A zero in col. Y indicates +that stress
atc, states For all tiles are desired.

¥ 1If there are no tiles then E% and E&, together with ps and Bpss Are still required since they determine

the primary structure finite element grid,

through €.10 and all "F" cardg.

In analyzing panels without tiles, leave out cards B.b, €.3
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B. GEOMETRIC CONFIGURATION — Sheet 1 of 2 (See Figure B-2)
CARD(S) | COL(S) | FORMAT | SYMBOLS UNITS DESCRIPTION
B.1 1-10 2E10.0 Lx inches Panel dimension
11-20 Ly inches Panel dimension
21-30 tp inches Panel thickness
B.2 1-10 8E10.0 Yl inches Pogition of first stringer centrecid. If there are no
stringers, sef Yl > Ly and skip to next card.
11-20 ZS inches Digtance of stringer centroid helow plate middle surface
21-30 YS inches Discrete stiffener spacing
31-40 As in? Stringer cross sectiornal ares
41-50 Iy, in.i'L Stiffener principal mom. »f inertia about y® axis
51-60 Iz' in.h Stiffener principal mom, of inertia about z' axis
£61-70 d_, in.J1l Stiffener twisting stiffness geometric parameter
X
71-80 v BS Degrees | Angle between z and z' axis measured positive clockwise
along x
B.3 1-10 110 EX - Integer number of tiles between X = 0 and L ¥
11-20 | 110 Ey - Integer number of tiles betweeny = O and L *
* If there are no tiles ihen E% and.ﬁ&J together with nt and nD2’ are still required since they determine

the primary structure finite element grid,

through C.10 and all "F" cards,

In analyzing panels without tiles, leave out cards B.h, C.3
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B. GEOMETRIC CONFIGURATION — Sheet 2 of 2 (See Figure B-3)

CARD (8) COL(S) { FORMAT | SYMBOLS UNITS DESCRIPTICN
B.L 1-10 6E10,0 T inches Undercut RSI tile thickness. Leave blank if tile is
brick shaped or il there sre no tiles,
11-20 B1 inches Tile undercut dimension. Leave blank if tile is brick
shaped.
21-30 T2 inches Tile undercut dimension orx height of brick sheped tile.
3L-40 tA inches Strain arrestor plate (SAP) thickness. May replace
with layer of isolator, RSI or bond material if no SAF,
41-50 ty inches Strain isolator thickness (SIP)
51-60 * t, inches Coating thickness. TLeave blank if no tile coating.
B.5 1-5 I5 g - Number of elements along Bl' Leave blank if tile is
1 . -
brick shaped or if there are no tiles.
6-10 ny - Number of elements along B,.
2
11-15 Ty, - Number of elements along D2°
2
1620 Ny - Number of elements along T-T,. Leave blank if tile
1 is wrick shaped,
21-25 v A - Number of elements along TE'
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OF ELEMENTS WHICH SUBDIVIDE THE INDICATED SPAN.
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¢, MATERIAL FROPERTIES — Sheet 1 of 2 (See Figure B-L)

CcARD(S) | COL(S) | FORMAT |svMors | uwITs DESCRT PTION
c.1 1-10 4E10.0 EP psi Isotropic plate modulus of elasticity
11-20 vy, - Poisson's ratlio for plate
21-30 Yp 1b/in3 Weight density for plate
31-ho op OF'l Coefficient of thermal expansion for plate
c.2 1-10 LF10.0 Fg psi Stringer modulus of elasticity (enter zero if
11-20 Vg - Poisson's ratic for stringer no stringers)
21-30 Ya 1b/in3 | Weight density for stringer
31-Lo g oFﬁl Coefficient of thermal expansion for stringer
C.3 1-10 6E10.0 Ey psi Arrestor x direction orthotropic stiffness
11-20 Ey pei Arrestor y direction orthotropic stiffness
21-30 E, psi Arrestor z directicn orthotropic stiffness
31-ho Vxy - See Figure A.L
%1-50 Vg - See Figure Ak
51.-60 v Vo - See Figure A.L
c.h 1-10 | T7EL0.0 Gy psi See Figure AL
11-20 Gz, psi See Figure AL
21-30 Gex psi See Figure AL
31-4o A lb/in3 Weight density for arrestor
k1-50 CAY o -1 X coefficient of thermal expansion for arrestor
51~60 Uy OF’l ¥ coefficient of thermal expasnsion for arrestor
61-70 * U OF"l 7 noefficient of thermal expansion for arrestor
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PROPERTIES — Sheet 2 of 2

¢. MATERTAL
carn(s) | con(s) | ForvaT | svMBoLS UNITS
C.5 1-10 4E10.0 EI psi Isolator modulus of elasticity
11-20 vy - Poisson's ratio for isolator (Note:max vI=.499\
21-30 vy 1b/inS | Weight density for isolator
31-ho oy oFt Coefficient of thermal expansion for isolator
C.6 1-10 E10.0 | vg 1b/in3 Weight density of RSI material
11-20 | E10.0 G&/“x = R8T coefficient of thermal expansion in y direction
(°p 1) aivided by coefficient of thermal expansion
in x direction (ux)
£1-30 E10,0 (xz/a’x - RSI coeffient of thermal expansion ratio in z vs.
x direction




ol—9g

C. TEMPERATURE DEPENDENT MATERTAL PROPERTILo  sheet 1 of 2

CARD(S) | COL(S)| FORMAT | SYMBOLS UNITS DESCRIPTTION
C.7.1 1-5 I5 - - Number of entry sets in the following table of ER vs.
temperature (OF)
C.&81 1-10 E10.0 Tl oF Temperature (absolute, not relative) corresponding to
following value of ER
11-20 F10.0 ER(Tl) pei Value of ER (RSI modulus - refer to equations below*)
assoclated with previous temp.
31-30 E10.0 T2 °F Repeat anove set of data as often as necessary, 4 sets
ete. ete. ete gte. to a card.

Program uses closest 3 data pts. for 2nd order Langrangian
interpolation of properties if element temp. is within
data specified temp. range and at least 3 data-points

are input, Program uses closest data~point properties

for element temp. outside range, Uniform property

value is used for any given property if only one value

of that property is specified. Thus, program requires

a minimm of 1 or 3 value(s) per property for proper

execution,




C, TEMPFERATURE DEPENDENT MATERTAL PROPERTIES — Sheet 2 of 2

¢ARD(S) | COL(S) | FORMAT | SYMBOLS UNITS DESCRIPTION
C.r.2 &
08.0 Repeat above two card sets for E'R *
C7.3 & Repeat above card sets for remaining RSI properties in
€.8.3 following order: % :
T LI
'gl'irroggg GR? Vps Vv R,and o
0:8 .6 where oy = RSI coefficient of thermal expansion in
X direction.
c.a.1 Repeat above card sets for coatling properties 1n
& C.I10.} . . ‘
through following order: Ec’ Ve @
Cl 9.3 &
C.10.3 |
- | -
A
~J
* For RSI

( refer to Figure B-4)

Ey:ER
r
ER
E

R
ny— yx—211+\,R§
G =G =G =0G =2CGC"'
e zy 72X Pl
v =T v = v
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D, BOUNDARY CONDITTONS — Sheet 2 of 3 {See Figure B-5)
CARD(S) COL({8 )] FORMAT SYMBOLS UNITS DESCRIPTION
D.1-D-kL, 31 Al - - O denotes edge is not held from in-plane deflections
(continued) 1 denotes edge is held from in-plane deflections
2 denotes edge is not held for y deflection, but is
held for x deflection ( PARTTALLY HELD)
L genotes edge is not held for x deflection, but is
held for y deflection (PARTIALLY HELD)
3 denotes edge is flexibly held for in-plane de-
flections
NOTE: FYor non-vibratory heated or cooled primary
structure prob.ems, refer tc special in-
gtructions on bottom of page
32-40 1 E9.0 X lb/in2 In-plane x force per unit length on an edge caused
by in~-plane x direction unit deflection
h1-49 K lb/i‘n2 In-plane x force per unit length on an edge caused
uv
or by in-plane y direction unit deflection or
Kvu In-plane y force per unit length on an edge caused
by in-plane x direction unit deflection
50-58 ' L 1h/in2 In-plane y force per unit length on an edge caused

by in-plane y direction unit deflection
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Figure B-5 Primary Stucture Boundary Condition Notation



0Z—4

D. BOUNDARY CONDITIONS — Sheet L of 3 (See Figure B-5)

~0L(3)

FORMAT | SYMBOLS

UNITS

DESCRIPTION

Thege are
four simi-
lar bound-
ary condi-

tion cards

3-11

12-20

21-29

Al -

Al -

EQ,0 K

KWB
or

Bw

K
A4

1b/in2

1b/in

1lb.

A denotes the x=0 edge of the plate {CARD D.1)

B denotes the x=L_ edge of the plate (CARD D.2)

C denotes the y=0 edge of the plate {CAED D.3)
D denotes the y=Ly edge of the plate (CARD D.L)

0 indicatesg that the plate edge is free to deflect and
rotate out of the z=0 plane (FREE)

1 indicates that the plate edgé is not free to deflect
or rotate out of the 2=0 plane (CLAMPED)

2 indicates that the plate edge is not free to deflect
but is free to rotaste out of the z=0 plane {PINNED)

3 indicates that the plate edge is flexibly held with

regard to out of plane motion

Out-of-plane Torce per unit edge-length caused by out-

of-plane unit deflection

Out-of-plane ferce per unit edge-length caused by out-

of plane unit rotsticn or

Cut-of-plane moment per unit edge-length caused by out-

of-plane unit deflection
Out-of-plane moment per unit edge-length caused by out-

of plane unit rotation
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BOUNDARY CONDITIONS — Sheet 1 of 3 {See Figure B-5)

CARD(S) CoL(s)

FORMAT

SYMBOLS

UNTTS

DESCRIPTICN

Dl and D2

Add'l info, 60

for cards

only,

61-69

T1

T72-80

E3.0

Al

EG.0

Kse

=13

il’!-lb .

in-1b,

in-plane rotation (ez\ primary structure
degree of freedom
unless a stringer
element is also

3 denotes stringer edge flexibly held]present at a par-
for in-plane rotation ticular plate node

0 denctes stringer edge not held sz'lﬂote &_ is not a

1 denotes stringer edge held for in-
plane rotation (ez = 0)

In-plane stringer edge moment produced by unit

rotation A,

0 denotes stringer edge free to twist (ex)

1 denctes stringer edge not free to twist (ex==0)

3 denoctes stringer_edge flexibly held against twist

Twist moment on end of stringer for a unit twist-

rotation

1,
2.

3.
L,

Special Instructions for running a thermsl stress problem when the primary structure is at a uniform

temperature other than the reference temperature are required to permit free in-plane thermal straining; e.g.:

Permit the x=0 boundary to move freely or be elastically held in-plane

Permit the x:LX boundary to move freely in the y direction but not the x direction if free, or be

elastically held if elasftically held along x=0,

Permit the y=0 boundary to move freely or be elastically held in-plane,

FPermit the yzLy boundary to move freely in the x direction but not the y direction if free, or be

elastically held if elastically held along y=0.

Jee pages B-53 e2nd B-57 for a typical example of the above instructions.
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E, PRIMARY STRUCTURE LOADING (See Figure B-6)

CARD(S) | COL(S) | FORMAT | SYMBOLS UNITS DESCRIPTION
E, 1 1~10 E10.0 N# 1o/in Uniform, direct cover-plate running load in x dir-
ection on x = O edge (see Figure 7)
11-20 Ny 1b/in Uniform, direct cover-plate running load in y dir-
ection on y = 0 edge (see Figure 7)
21-30 ny lb/in Uniform, shearing cover-plate running load on x = O
edge (see Figure T7T)
31-40 L 1b/in Uniform, shearing cover-plate rurming load on v = ©
v edge (see Figure 7 )
41-50 PZ psi Uniform external normal pressure acting upon tiles
51-60 T 1b Tension force acting upon centroid of each stiffener
at x =0
61-70 M in-1b Out-of-plane bending moment acting uporn each stiffener
4
71-80 ‘ v 1b Shear lecad scting uror each stiffener
Note, boundary conditions for B and D edges should be
selected carefully to produce desired effect, e.g., to
preduce s uniform primary structure tension in the x
direction, 5 = o and o, = 0: set N = tp g, T = A7,
and EE, M and V all equal to zero; then hold plate
edge B from in plane x, but not y, motion and aslso
hold the .stringers at edge B; next, make edges C and D
free for X motion, and only hold one of these edges
against y motion,
E.2 1-10 E1G.0 ATP F Temperature difference of plate from TRef'
11-20 £10.0 ATS 7 Temperature difference of stringers from TRef'
Note: Leave out cards E.1 and E.2 if vibration option is used
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L D EDGE (HELD IN SOME STABLE MANNER)
- Y
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o m— SOME STABLE MANNER)
)
————
fot— Nyx
~ ~ y ~ ~ o S~ S Lx
g—— - , - r X
Ny
z
F,Z
l‘ 1 l _ l l l l / COVER PLATE
TILES t
P
M A /////j////////////A////////// X
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Figure B-6 Possible Static Mechanical Loadings Upon Panel
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Each tile is assumed to have the same temperature distribution.

tion options, each of which is considered separately below.

FI

TTLE TEMPERATURE DISTRIBUTIONS — Sheet 1 of 2

There are 3 temperature distribu-

Tile temperature differences, rather than

absolute tile temperatures, are reguired for each of these options (since thermal strains depend upon

temperature differences).

However, since temperature-dependent material property data are presented

in terms of absolute temperature scales, a reference temperature (which is also input) is added@ to the

differences to obtain absolute temperatures for internally computing material properties.

CARD(S)

COL(3)

FORMAT

SYMBOLS

UNITS

DESCRIPTION

F.1

P

10

11-20

i1

i1

E10.0

0 in co0l.5 of this card indicates no thermal static

loading effects will be considered. But material
properties used in forming the TPS stiffness properties
will be based upon the specified temperature distribution.
1 in col. 5 indicates that thermal static loading will
be considered in the analysis. [n such cases, refer to
bottom of following page for special instructions re-

garding boundary condition cards (D.1 through D.u4).

1 in col. 10 indicates that each tile is at the same

uniform temperature,

2 in col. 5 indicates that each tile temperature

distribution is governed by Lagrangian interpolation

formulas.

3 in col. 5 indicates that each tile temperature
distribution is input by consecutive Tinite element
node-temperature differences from the reference
temperature.

Panel reference temperature {added to temp. differences

when obtaining mat'l. properties)
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F. TILE TEMPERATURE DISTRTBUTIONS -~ Sheet 2 of 2

CARD(S)] coL(s)| rORMAT| SYMBOLS UNITS DESCRIPTION
UNIFORM TEMPERATURE OPTION (1)
F.2 1-10 E10-1 | &7, F° Uniform temperature difference from Tp_.
or LAGRANGIAK INTERPOLATIGN TEMPERATURE OPTION (2)
F.2.1 1-5 215 - - Number of x coordinates through which temperaﬁ&re
differences will be interpolated.
:
§ 6-10 - - Order of lagrangian interpolation polynominal in x
E direction. Must be at lease 1 less than number of
I :
i coords given in col. 5.
E F.3.1 1-10 El0.C xi inches The local x coordinatss used in the x direction temper-
1 ) .
% ature difference interpolation. Eight 40 a card until
f all are accounted for.
i‘F.2.2~--3.2 .. Repeat card types £.2.1 and F.3.1 for the y coordinates
F.2.3= 3.3 Repeat card types F.2.1 and F,3.1 for the z coordinates
or FLEMENT NODE TEMPERATURE OPTION ()
F.2 1-10 E10.0 &TR F° Temperature differences above reference temperatures,
11-20 node by node, in consecuitive order.
etc, © Seven temperature differences to a card until all nodes
f are accounted for.

Cols, 71-80 of each card are reserved for user's card

- identification. _




D. DESCRIPTION OF OUTPUT

Output from a typical run of the RESIST computer program is

explained below in outline form. References in parentheses refer to

pages

1.

IWPUT

in this Appendix,

Program title and date indicating latest update of program

version which was run.

INFORMATION

9.

Listing of input cards, the first two of which are the title

assigned to any given run by the user.

User selected input options are listed.

Plate, stringer and tile geometry and specification of finite
element grids for primary structure and tiles (pp. B.8 - B.1D,

Plate, stringer, strain isolator and arrestor material properties

(p. B.12 ). Note, if there is no strain arrestor, RSI or isolator
material properties may be used for the arrestor. If this is dome,
the thickness dimension of the usual isclator or R5I should be

appropriately reduced to compensate for this addition.

Temperature-dependent RSI material property data used for generating

curves used internally by program to compute R3I average finite

element properties.

Plate and stringer boundary conditions (pp. B.16-B.21),

Applied primary structure static mechanical and thermal loading

if not a vibration problem,

RSI temperature distribution input data. Used for property data

(item 6 above) and thermal loading if a statics problem.

QUTFUT INFORMATION

10.

H
Map showing typical tiles three dimensional finite element ordering,
by layers. Top, or first layer also corresponds to two-dimensional

tile coating elements as well.



11.

13.

1k.a,

1h.b,

15.

16.

17.

Map showing ordering of a typical tiles finite element nodesg
by layers.

Position and temperatures for a typical tile in a local coordinate

system (reference Figures 3.a &.b),

Global geometry of primary structure nodes and plate nodal degree-
of-freedom numbering . Dx’ Dy and DZ refer to nodal deflections,
and Rx’ Ry and RZ are the nodal rotations. Nodes with no degrees-

of-freedom are used to define the stringer centroids and axes.

Statics Option: Primary structure nodal deflections by iteration
number. Nodes with the same x coordinate are grouped together.

These groups are separated with dashed lines.

Vibration Option: Mode numbers, approximate frequencies and
corresponding modal error bound (which should be less than 2%

to be a reliable approximate mode}. This is followed by the
primary structure mode shapes with & similar nodal deflection for-
mat as for‘the Statics Option.

If requested by the user, the computed cmvergence parameter

is printed out along with the input quantity 1t was tested against.
This is done for each iteration after the first for the Static
Option. The primary structure degree-of -Treedom with the largest
change from the previous iteration is also identified.

Tile nodal displacements by tile and iteration number. For a
vibration option, this calculation and the subsequent ones are

performed only for the user-specified vibration mode,

Three dimensional tile stresses and strains for the bottom two
layers of elements by element number. These quantities are

computed at each element's 8 Gauss integration points. Gauss point

stresses are believed to be more accurate than nodal values and provide

more detall than simply +the elements average stresses,

B—27



18.

19.

20.a.

20.1b,

21.

Three dimensional element average stresses amd strains (by tile

and iteration number).

Two-dimensional element average coating stresses. Coating

element numpers correspond to three dimensional element numbering

directly below them.

Statics Option: Repeat of items 16-19 for each tile. Repeat

of item 14,2 and 15 for each iteration.

Vibrations Option: Computation of Rayleigh Quotient (OMEGA
SQUARED) if all tiles have been treated. Repeat of items 16-19
Tfor each iteration. Repeat of items lh.b,lS and Rayleigh

Quotient until convergence or last iteration is performed.

Plate element stresses and strains for mid and/or top and/or
bottom surfaces. This computation is done after each iteration
if requested by the user. Otherwise, it is computed only after

convergence or the last iteration is performed.

8-28



E, BSAMPLE FROBLEMS

Output for three sempie problems, one vibration case and
 two statics cages, are presented_“ in the rema_:‘._nir;g pages of this
report. Only portions of the oﬁtpu‘li “for 'eaéh problem are
shown. However, the pages presented are representative of the
types of information, and the’lﬁr'_respective formats, which the
RESIST Program can deliver. ' j |

B-29
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PROGRAM LISTING OF [INPUT DATA CARDS
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0P TIONS

FREE VIBRATION MONES KNDw NESTRED MODFS = 5§ . NO. REMTHOGONALYZATIONS = 2 MONE NO. = 1
MAXTMUM MA, TTERATINONG = 4 : . CONVERGENCE PARAMETER =  5,0000E-02
AVERHIING 2ATATORY MASS INEDTEA ASSOCTATED WITH FACH STRINGER = 0,0

PRIMARY STRUCTURE STRESSES PRESCNTED AFTE®R LAST TTERATION AT PLATE M{D,lfﬂﬂ AND AQTTOM SURFACES
TILES PN PRIMARY STRUCTURE

TILF STRESSES PRESENTE() AFTCR FATH TTFERAT LN

TILE NONE MAP REQUINED

TILE FLEMENT “A® PEQUIRFD

TILF NANE COORDINATES REQUIRED

D NAOT PRINT FLEMENT STIFFNLSS MATRICES

DO NOT PRINT ASSEMELSN SYIEENESS MATRICES

O NOT PRINT FILE NEIYGARTMG TNFRIMATION

COMPUTE STPESSES €@ st TILFS
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0
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0.0 s
0.0 Jxe
1
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10 ND 2
7
R AL PRAOPERTTIE
1. 00000F-01 6AMMA 4
0.0 OAMMA S
6.00300F 04 €2
1.00D0ONE=01 N ZX
2.203000F 04 G7X
8.0 ALPHA 2
‘CAMMA T

d

7.50000E-01
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0.0

1
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0.0
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3. 23DN0E 04

0.0

3.50000F-02

A% =

BETA S,
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TEMPERATYRF DEPENDENT MATERIAL PROPERTIFES |

TEMPERATURF PROPFRTY TEMPERATURF PRIPERTY TEMPERATURFE PROPERTY TENPERATURE PROPERTY

FR ALL 48,000F 0% - -
£Re AL . E.000F 03

nat ALl 2,200F D4

NU R ALL 5 .000E-01

NpoRY ALL 1.00CF-02

ALPHA R ALL 0.0

EC ALL 0,0

Ny C ALl 0.0

AL PHA T AL a0
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l.140000F 01 0.0 0.0 170 I7t 172 173 174 0
L.140000F 0] 3.3333006-01 0.D 175 o0 176 177 178, 0
1.200000F 01 2.0 - 9.0 179 180 181 B2 183 Q
1.200000F 0t 3,333300F-01 0.0 184 " p 185 188 187 "]
1.2&40000F Nt 0.0 0.0 188 189 190 191 192 o}
1.2460000F 01 2,3213300F-01L 0.0 193 0 194 195 196 0
1.320000F 01 0.0 .0 197 198 199  2p0 201 0
1. 220000F N1 3.3331300FE-01 T.0 202 a 203 204 245 0
1.330000F 01 0.0 0.0 206 207 208 209 2lO ]
1.280000F 0t 3.332300F-0] 0.0 211 0 212 213 214 0
1. &40000F 01 0.0 0.9 . 215 2167 217 21ra 21g a
1.440000F 01 3.3323200F-01 0.0 220 0 221 222 223 0
n.0 0.0 224 225 224 227 228 0

1.500000F 01}



¥4

ORDER OF UNREMICFEN PHNBLEM = 273

NUMRER (OF NESTREND #ARES = 5

NUM3FR OF REQRTHNGONALTZATIONS = 2

MONE ) FREQUENCY FREQUENLY FRFQ. SORD. ERRDR ROUND

NUMBER (RAD / SEC) {HERT7) {PERCENT)
1 3.204729F 02 5.100483F 02 T.609798E~14
> 1096533 D4 1.,745266F 03 2.610086F=-11
3 2.2672548% 04 2.601117F 63 4.191322F=06
4 2.400171F 04 1.819991F 03 9.051410E=-06
5 3.9466592E N4 6.,281301F 03 1.49T7426F-01
) £.502263F 04 T.1655707 03 2.1453T9E-02
7 5.7T1RT8E N4 9.G9872004F 03 4.056820F 00
8 TLeT20008 04 1.221037€ Q4 T.Q667T32F 01



¥00d SI @HVJ TVNEDIHO
AL J0 AITEINd0dddd

G—4

PRIMARY

STRUCTURE MODF SHAPE

DX

“2.2T?6TTE-OT
-2 2TV ARE-O7
=2.104755E-07
-2.104363E-07
=1.P39400E-07
-1.83870&E-07
-1.578118E=-07
-1.577289E=07
- —1432349%F-07
-1.3?2388E=-07
-1, 0773T4E~07
-1, 07A069F-07
~3.471490F=08
—FL GOOGARDE-(R
6. 193574E-08
=£,1753992 E-0#
=4, lGTLAGE-08
-4 O0H5524F-08
~2.1741 F1F-08
~2.1R272%F-08
—4. 12431 7F-n0
—3,878034F=-09

1.1797555-08

1.202395F-04

TR TCE-08
2.615315F-08
2.H14B86E-08
3.941612E-08

A.8516C1F-04
4.873820F-08
5.697272E-038
5.T724230E-08

TTERATI(ON ND. O

ny

4,973345F-08

4.9442708-08

4.B866863F-049

4.731215€E-08

 %.5450T1E-03

4.307981E-08

4.0247T13F-08

3.65T092R-08

FaB2B1G4E-0A

2.925146F-08

7494 605F-N09

ZaD42313E-08

1,5T0584F-08

1.006576F-08

5.917TT76E-09

9.227T483E-17

1.893834F-02
1.894102F-02
3.766652E-02
1.TETLITIE-D2
5.59741865-02
5.598381€-02
T.366067E-07
T.367039F-D2
051722502
Q.0RZ9NBE-02
1.3435676-01
1.063711E-01
1.210015E-M
1.210180F~01

1.342824E-01

1.34302NE-01

1.4560547F~01
1.460758E-)1

1.561939F-0]

1.s5821728-01

1.546020E8-01
1.6646270F~01
1. T11965E-01
1.712228F~01
1.759129F~01
t.759400F =01

1. 7BT707SE-01

1.787353E-01

1.79551RE—01
1.7957938-01

=1.225580F-04

RX

1.429838E-06
~1.4D0851E-08
-2, 142981€-05
3.746948F-05
-4.241391€-05
7.399049€-05
~6.3837TOE-05
1,099205E-04%
=B E21626FE-05
1.544587F—04

-1.059153E=04

1. TTQ441E-D4

2.091T81F-04
-1:4044729F~04
2+3921T1F-04
-1.541958E=-04
2.65955TE=-04

=1.56348929F-D4
T 2.9069000-04

~1.70707BE-D4
3.1086383F-04
~1.776280F-04
2. 2T153BE-(4
=1.823899F-04
3.403833E-04
—1.862148E-4
3.4839106-D4
-1.HTTIO03E-D4
3.546302F-04
-1.892887E-04
2.57TR2T2F-04

RY

~-3.161962E~-02
-3.162404E-02
=3.144493E-02
-3, 144924E-02
~3.092045E-02
~3.092459E-02

=3.005014E~-02

~3,005387E=-02

-?2.883692E-02
~2.BB4041E-02
-2.729557E~02
~72.T29934F-02
-2.545035E-02
-2.545403E=-07
-2.331475E-02
-2.331808E-02

=2.091386E-02

—2.091752€=02
—1.828836E-02
~1.829213E-02
-1.548051E-02
=1.548352E-02
~1.252230E-02
-1.252472E-02
~%.440075E-03
-2.441860E-03
~6.268606FE-03
—~6+2698THE~-02

-3.038223€-D3
=-3.039023F-03
2« 2856215E-04
2.281881F-04



a8

PRIMARY STRUCTURE NUDES ASSOCIATED WITH TELE

1 3 7 5 Ty e 1Y 13 1
2 4 6 3 10 12 14 16

=



FA

TS DISPLACEMENTS FOR YILF NO.

NUONFE

¥ COMPONENT ()}

-1.1857588F-02
=1.1859243F=-02
-1.17920546E-02
-1.1791669E-02
-1.1595350F-02
~1.1%56903E-07
-1.1268958F=07
-1.12703555-0?
~1.08139745~02
-1.08152816-02
-1.0235939E-07
-1.0N2373556=02
—G.5435628F-03
~9,5453411F-01
—B.7630887F-03
~8.T4423587E-013
=T R42T322E-0Y
~7.8441054F-01
~-6,R%21R14F-07
~6£. 25058 4533F-07
-5 .3051944E-0%
-5, B063194F-03
1454 T7564F=-02
1.4194820F~02
1.64515903F-02
L4 1HRIGAIF-(7
1.4426317F-02
1.411246700-02
1.4NH3GKAE-N7
| LAR32T4EE-N2
1.3425775F-02
1.3346210F=02
1.75454960=07
1.2709964F =02
1.1454R834%~02
1.1997625E-02
1.038ThR2721-027
1.12902975=02
9,3T81725F-03
1.0673009%-02
B.&540468F-072
1.9241371F-n7
8.35B0A33E-03
1.00214 795502
9,5742457E-03
9.7171417E-03
9,53 7T490F-03
9, 18753075-03
Q. 46667ILE—03
9. 133890003

¥ COMPANENT{V)

-4, 3645558E-0T7
5,.2531914F-07
B.0856189F-06

~1.40%1055€E-0%

" 145953861F-05

=2.TT464298~05
2+3991940F~05

-4.1220163F~-05
3,2376542E-0%

—-5.4172027F-05
1.9761L304FE-05

-6,639152T7°-05
4,6149493F 05

~T.8441793F=-05
5.2103050E-05

-R,9728899E-05
%5.80817T14E-05%

-9,57333350-05
£.14R90740-05

-1.03900875FE-04
6.4040360E-09

-1.165765606-04

~56,3910964E-04

~B.7281082E-00

-8.0962073T-0%

-1.941865065 =04
4, 3901 T46F =05
4.4%311233F-04
G, 40134 T5E=-04
1.0973818E-03
1L, 2307BY0E-0%
1.3594624F-03
1,21854255 =03
1.42969 FAE=-03
T.3654413E-04
G, 4510523F-04

=1,6612875F=-04

=1.8315547F=04

-2.1429541F-D1

-2.0691841E-03%

-4.54T7647E-03

~4.6631880F-03

-7.3%423387-03

-7.7313706F-03

-8.53409T6E-04

-9, 4B00&52E - 04

-2, Z8TB3IGTE-D4

-2.8696830895-04
3.50T84 T4F-04
3.41797199F-0%

1 AND TYERATIGN NG, §

OMPONENT [ WY

oL~

C
.0
«0

T1.8938344E-02

1.8941015€-02
3.7666518E-02

3.767178&E-02

5.597&£156F-02
5.59B3IBNRE~D2
T«3660672F-02
T.3670387E-02
9.0517223E-02
9,.0529084F-02
1.0635674F-01
1.0637110E-91
1.2100154E-01
1.2101799E-01
1.3428342F-01
1.3430196F=-01
l.46054 14F-01
1, 460T584FE~01
1.5619385F=-01
1.5621716F=01
1.2398793F-03
1.4891145F-03
1495501 74%-02
1.7783165F-02
1.8002007E-02
1.8206004E-07
5.,6169845F~-072
5.6362256E-027
1.3761225F-02 -
T.3977292€-D2
9.0547383F-02
3.0835%5329E-02
1.3633683E-01
1.0675156F~0L
1.2097615F-01
1.2151T196E-21
1.3437933F-01
1.351723i8-01
1.4652973F-01
1.4751375E-01
1.5772128-91
1.5879T726E-01
2.1167265E~-03 .
2.4438321F-01
2.0108391E-02
2:04164T72F=02
3.8306460E-02

31.85839338F-02



8t—8

(x-S T LIV, - STV (Ve 20~ A D ) e L B I R T W o= TN P o TG e

fea BTN S N SISV IRS I

LACAL CONRDINATES

4a TIPOF-01
4.T320F-01
1.2670FE~01
L.2679F-01
4. TA20E-01
4.T320F-M
Le?6TI9F=01
1.26T39E=-01

1.0732F 0o
1.0732F Q9
T+ 2673F=-01
T+ 26T3E=01
1.3732F on
L.O732F T
T.2rT9F-01
T:26T9E=N1

1.6T32F 0N
1.67322F 03
1.37488 02
1.326%8 00
L.6737E 00
1.5732F 03
1.37&83E Q9
1.32FRF 99

2.27320 00
2.27228 0D
1.9268F 90
1.926RE 0N
2.72732E 20
?,2722¢ A0
Le9268F 00
1.9768F 03

2.813%2F 00
?L.BT37E QD
2.8248FE 00
7 S768F N0
?.3732E 0D
2.81328 00
2.57588BE 20
2.5268F N0

STRERSES FOR YSIILATDR AMD ARRESTNR

Y

2.6289€-01
7.04415-02
2 H?89E-01
T D44 1E-02
2.62H9E=01
7.04415-07
7 62 RGF-01L
T.0441E-02

P E2HFT-0T
Ta0441E-07
2.6 HGF-11
ToD441£~-02
T APRIC-"]
T.2441C-07
2 h2EIE-NL
T.0441E-02

2 62HIE-01
7. 044 VE-07
P B2EHF-0L
7.04415-172
7,62 G9F-01
ToN%b15-02
2. 620901
T.0441F=02

2528301
Tu2441F-07
2.6289E-01

TL0AALE-DD

PLE2H9T=01
7044 1F8-07
2.H2B89F=-01
T 04415-22

2.A2895~01
Tal4a1F=07
P ARHRF~1
TaDbslE-G2
?.6789F=01
T.N441E=02
2.428%F-01
1.04415-02

ELEVMENT
3.9434E-02
3.94%4F-02
1.9434F-032
3.9434F-02
1 .0566F—02
1.05656F-07
1.0566F-07
1.05%56KE-C7

£1LEMENT
3.G434F-02
294324507
3.9434F-02
1.94345-02
1.0BBEE-07
L. NS/R6E-02
1.O0KRF=07
1.05656-07

FLEMENT
3.94%34§-02
1.9434F-07
3.94%4F-03
3.94240-02
1.0566F=02
1.05667=02
LaDS6RE-02
1.05ARE=-02

F1EVENT
1.0434E-07
1. 9434 0~02
1,94%4F-07
3.9434F-02

S05ARE-02
L 056HF-07
1.054%5-02
L.NBE6E-DD

FLEMFNT
3.5434F=02
3. 94F4F-02
2,94%4F=02
3.9434E-02
1.05656E-02
L.0566E-02
1.0566F~072
1.0566E-02

NUMARER

Nip#RTLR

NUMRFR

NUMAFRD,

NUMBFR

XX

!
2+.6906F
242899F
3.T726F
3.3914F
2+T413E
2+3403F
3.B394E
3.4207¢€

2
L6l 74E
1.2621E
2.1127F
1.7262F
1.8621F
1.309%¢
2. 1757F
1.7324E

3
1.0661F
T« 3571F
1.3078F
F.56336E
1.1327E
8,097 9F
1.3925E
1,0%54F

3
T.8198%
4.1944E
B.975HF
5.5634F
5. T375F
5.241RE
L.0039%
heT561F

5
£ JG06E
2« 1431F
T.06014F
2+9963F
R.0533F
3.5047F
R.3200%
44530 FE

FOR TILFE NO,

Yy

2.56883F
2.2BTHF
3. T696F
3.3504F
2.T399E
2.3395E
3.8385F
3.4194F

L.6165F
1.2613F
2+1109E
T.7244F
1. 6999F
1.3077F
2.1734%
1.7901E

L.Q68LIF
T.3810C
1.3088F
9. 6495F
1.1300F
B.06T2F
1.3898E
1.0624F

f.36598%
4. 24 T3F
9.0158E

5.510648

3. T054F
5.2115F
1.007F
6. T7260E

L.9647F
2.21B5%E
7.1217F
3.06TTF
9.0143E
3.4688E
R.2815E
4+4283F

YZ

8.8016F~04 -1.6162E-01
-1.0059E-03 -1.1118E-01

8.0522F-04 -3,9381F-01
-1.08086-03 -3,2088E-01
-2,28756-04 -1.7388F=-01
=2.4156E-04 —-1,2343F-01
—2.5049F-04 ~4,0664E~-01
=2.6328F-04 —-3.3371E-01

I AND ITERATION ND. 1
STRESSFS
Iz Xy

2.8029EF 01

?.3850F 01}

3.9298E 01

3.4934F 01

Z.8531E 01

2.4363F O1

3.,9965F 01

1,5603E 01

1.6847TE 01 1.5363E-03
1.3152F 01 «6,7633E-04
2.2009E D1 -3.2834E-04
1.7990F 01 —2.2154F=-03
1.7278E 01l -72.8974F=-0%
1.3614F Q01 -1.6293E-94
2.2624% 01 <4.4361E-04
1,8635€ a1 —-5.77B1E-D4
1.1127€ 01  3,2492¢-03
T.6956FE 00 1.017LE-03
1.3648F 01 —1.%5320F~04%
1.0073E 01 =-2.3854F-03%
1.1756F 01l 4.4T188-04
8.3925F 00 3.046T4E-04
1.4461F Q1 =4.79558-04
1.09%4F 21 —6.,1104F-04
8.1889F 00 5,.83KH6F-03
4.4296E 00  4.2046E-03
9.3979E 00 —~4.206RF-N4%
5.8604E 00 =-2.0530F=03
3.0500F 00 1.1450F-013
S.4t54€ 00 1.1814F-03
1.0404F N1 -5.1494FE-04
£.9916F 00 -4.98756-04
7.2467TF 00 9.1163E-03
2.3179F 00 R.0453FE-03
T-4180F DO -9,5026E-04
3.20948FE N0 ~-2.0213E-03
B,3259F 0D 2.0%926F-03
3,5978EF 00 Z.1828E-03
B8.6030F O ~A.4D4TE-04
4.5955F 00 —-5.1022F-04

2. 2L T9E-QL
2.2994E-01
3.3251E-03
3.6417E-02
2.11058-01
2.1920E-01
3.3737E-02
2.4718E-02

5.5905E-01
5.2378F-01
3. 7069E-01
3.6053E-01
5. 4923E-01
5.139TE~-01
3.6045E-01
3.5029E-01

3,0050£-01
T.2903E-01
6.T421E-01
6.2252E-01
7.8995E-01
T.184TE-01
G.6431E-Q1
6. 1262E-01

3.6863E-01
7.7022€-01
8.5259E-01
T.6860E-01L
8.5493E-01
T.5452F=01
8.4102E-01
7.57T03E-01

2

1.6566E
1.6789F
1.6698E
1.6821F
}.66A5E
1.6807€
1.6717E
1.6839¢F

1.6%33E
l.6645E
1.6624E
1.6744%E
16542E
l.6654F
1.6633F
1.6752¢

1.6188F
1.6274E
1.6405F
1.650BF
1.6192F
1.627RE
1.6410F
1.6512€

1.5616F
1.5654F
1.5955¢
1.6024F
1.5618F
1.5656E
1.5957¢
1.6025€

1.4849E
1.4808€
l.5291F
1.5798F
1 .4850F
i1.4809€E
1.5291E
1.5300¢€

01
o1
01
01
01
01
01
01

ol
01
131
01
01
oL
01
01

01
o1
01
ol
01
a1
01
ot

ot
01
o1
01
01
ar -
01
01

01
o1
o1
01
01
a1

o1
a1
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MEM
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LW N gn P

fAS IS RN
o= D

N
A}

Bt}
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TEMo

s v i s [ o Y er B e R B v |
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LNCAL CIUNRDTNATES

L

0.17
717
Q.17
J.17
J.17
D17
J.17
.17
0,17

AL O
.07

Q.17
0,17
J.17
0.17
a.07
N.17
D17
N.17
n.17
o3 I
J.17

4

D02
0.02
0.07?
0.a7
Ged2
0.02
0.92
D.0?
0.07

002

0.13
0.13
0. 13
0.13
C.13
De 2
0.12
O.13
0.13
Gel3
0. 30

.70

Ge 30
Q.30
030
Ga20
0430
0,20
0.30
G. 30
Dea7
Ne47
D.47
IS ¢
Q.47
D.47
GeAT
DeaT
Qa7
D% 7
0.h3
Ceb3
Q.63
J
(e b3
a6H3
0.63

0.63°

G.63
0.63

STRESSFS AND DIRECT STRAINS FOR TILE NO,

o4
ES

XX

3,234F-05

1.015F-04
4 B4 F-04
-8 .944F =05
-1.502F-04
—1.579F -4
-8,861F-0%
7.243F-05
2, 389F -N4
4,691F-04
-4.985E-05
—{.229E-04
—4 4| F-N4
-7.918E-n4%
-1.072F=-n2
-1.241F-03
—1.756F—N3
=1.095F-01%
—T.3558F~04
-2, 018E~04
A, 125E-05
-1.123F=-0n4%
-2 .869F-04
~GE,154F-N4%
~T7.083F=-04
—A,65E=04
=T.854F-04
-6, 249F =04
-3.538F-04%
-1.1635-04
—h S IDE-DS
-®,826E-06
-1.549F-04%
—R2.REGF-04
~3.679F-04
=6, 109C-04
-3.7T10F-04%
~2 492 F-0%
-3 ,BQ1E-DS
~] .614F=05
-6 17TE-05
~5,22RF=05
-31,365FE-05
-4,0720-05
-5,50)F-D%
—4,325F=05
-7.9650-06
5.1T5E=-0%
B,224E-05
4 .201F-0%

STRATINS
Yy

—2+970F~D4
~1.875F-04
—6.568F-05
1. T24E-05
1.032E-D4
1.275F~04
9.4135~-05
~1.T&3F~N5
~2.475E~04
~5,952F~04
~1.9538F~04%
~1.840F~04
6,0610~05
2.841F~04%

4.5176~04

G 2F-004
5.281F~04
1.783F~04
3.B15E-05
~4  ATIF-D4
—]1.1H7TE=-0D4
~1,353F~05
9.123E-0%
2.263F-04
3.3326-04
3.BTOL-N4
3. 7L4F~-04
2+ 6EAZE-D4
7.55TF~05
~1.549E~04
~5.603F-056
1.626F-05
£+ 190E~05
1. 241F~04
L. 7TRLF=04
24009504
1.797TE~O4
1.1236-04
7.0145-05
-5 T94F=-0N5
1.3956-07
1.8096-07
2. 18BE-06
1.219E-05
24296505

2.D057F=05

-7.870F-08
-3, 639F=05
~fs TILE-05
-8,4TRE-05

*
F s

2.0915-02
1.1625-07
?.209F-0%
4.B980-03
3.722€8-03
3.4808F-03
& 449F-07
T.471F-03
l.440E-02
3.010F-02
4.535F-03
Z.81LF-03
1.627E-03
a6 7E-04
e Q4 GF =04
4,851F=N%
& THLE=D4
1.402F=03
3.18%E~03
b TGHE-01
3,.7415=-03%
?.563E-N%
1.5468-03
8.6770-D4
4,927E-04
1.527F-04
5.1435=04
1.726F-03
2 .95 8F =01
6,22 65403
Z.903E-07
2.139E-0%
V.34 8F-03
7.430F-04
3.820E-04
2.453E-04

L N1ITE-04

L.084E-03
2.634£-03
5.2280-03
?7.143F-03
1.673F-03
1.109E-0%
6.309F-04
3,249C-04
2.136E-0%
3.722E-04

- 9.840F-04
24249503

4e128E-93

XX

3,068F 01
1.707TF 01
1.058BE 01
T.165F 00
5.430F 0D
5.107E 00
6.58TF 00
L. 115 Q1
2.146E 01
4 469F J1

~1.0%8E 00

~5.491F 00

-2.664F 01

—4,807E 01

-b.545E 01

-7.593F 01

~T.714E 01

-6.698E 01

-4.640F 0}

-1.473F 0}

~5,138F QO

-7.267E DO

-1.749F 01

-3,120F 01

—-5.259F 01

-4, 868F 01

-4 .T45%E 01

-3,7B7E 01

-2.179F 01

~7.9008 Q0

-7.321F 00

-3,8508 00

-8.314E 00

~1.5%52E Q1

-2.190t 01

-2.459E 01

=2.206E 01

-1.417E D1

-3.712FE G0
?2.673F 00

-2.850F 00

-2.171E DO

—1.?7T9F 0N

—2.016E 00
-3.098F @A
-2.TTQE DO
-1.939E-01
2,873F 00
e 599F 00
449326 00

Yy

3.054F 01
1.70&6% 01
1.057¢F 01
7.173F 09
5. 445E 00
5.124E 00
b6.538F 00
1.1156 01
7. 143F 0Ot
4. 462F 01
3.234F 00
I 418F 00

5.855E-02-

~1.244F DO
-?.283%E 00
-2.955€ 00
—-3.226E 00
—2.T16% Q0
-9,126F-01
5.936F 00
~T.484% 00
-4,119C 00
-2.363F 00
-1.534F 00O
-1,054%E 0Q
-3, 01 7E=01
-1.180F 0
-2, 148E 00
—4,6118 00
=9.526E 00
2 425F=01
3.306F-D1
3,5TBE-D1
1.140F-01
-5, T09E-02
-1.222F-01
~2. 472802
2.926E-01
9,2976~01
1.001F 00
~1.335E-01
-7.304F-072
1.5596-01
L.OGLE~D]
2.031F~-07
—1.445FE~03
1.216E-01
3, 430F-01
6.158E~-01
-1.396F =01

1 AND FTERATION NO.

1
STRESSES
7z Xy
3.1828 DL =1.733E-04%
1.777E 01 -3.217F-04
1.101€E D1 1.742E-D4
Ta46TE 00 1.112E-03
5.664F 00 2.159E-03
5.327TE 00 3.080E-03
6.861E 00 3.630F~03
1.160E 01 3.314E-03
7.2318 01 2.743E-03
4,64TE O -4.048F-04%
2. 7T93E Ol 8a.851E-02
1.720F 01 5.2828F-02
9.T42FE 00 %.416E-01
5.629FE 00 1.432F 00
3.336E Q0  2.375E 00 .
2.529F 00 3.089E 00
3.6857TE 00 3,2B2E Q0
8.0T3E 00 2.644F 00
1.909E 0L 1.313E 00
4,137¢ 01 -1.089F 00
2.232F 01  2.389E-D1
1.530F Q1  4.555E-01
9.089E 00 T.S5TTE-01
4«BT9F 00 1.205F 00.
2,520 00 1.556F o0
1.620F 00 1.566E 00
2.5%2E 00 1.068E 00
6.95TF 90 9.900E-92
1.748F 01 ~1.123F 00
3.TLBE D1 -1.904E 00
L.740E 01 2.7896-01
1.280E D1 4.083E-01
R.OL0E 00 8.797E-01
4.304F 00 1.189E 00O
2.0T3E 00 1.297F 00
1.224€ 00 1.055F 00
2.190F 00 3.277E-01
6.3668 00 -8.144F=-01
L.57TE 01 -1.895€ 00
3.141F 01 =1.967E 0O
1.?083E 01 3.006F-01
1.D002E 01 6.591F=01
6. 641E OO0 9,28T7F-01
2. T66F 00 1.156F 00
1.919F 02 1.180F 00
FL.254F 00 8.102€-01
2+232E 00 6.924E-03
5.946E DD -1.19%E N0
1.357F 01 ~2,105F 0D
2.481F 01 =-1.873€ 00

YI

-24531E-01
1.173e-01
4.485E-01
7.014E-01
B.087E-01
6.764E-01
2.052¢-01
—6. TT9E-D1
—1.978E€ GO
-3.614E DO
-1.630E-01
1.013E-01
3.229E-01
4.,938E=-01
5.264E-01
3.452E-01
-8.202E-02
-T.877E-01
-1.602E 00
—-2.552E 00
—l.448FE-01

5.484E-02
1.650E-~01 .

2 .65TE-01
2.460E-01
T.629E-02
-2.480E-01
-7.801E-01
-~1.099E 00
~1.987€ 00
-1.721E-01
~6.5571E-03
5,269E-02
1.141F-01
8.583E-02
—4.,768E-02
-2 .899E-01
-6, T71E-01
—T.515E-01
-1.633E 00
-=2.072E-01

~T+1B8E-02 -

~3.529E-02
—-1.7B8E-03
—-3.242E-02
-1.240£8-01
—2.995E~-01
-5.589E~-01
~4.502E-01
-1.329E 00

.’50193E

Zx.

1.675E 01
1.664F 01
1.635E 01
1.581F 01
1.506€ Ot
1.413E 01
1.308E 01
1.199E 01
1.093E 01
9.993F OO
1.170E 01
2.029€ 01
1.916E 01
1.798E 01
1.622¢ 01
1.390E 01
1.1078 01
T.T4BE 00
3.3B0E 0D

-1.602E=-01
1.003F 01
2.092¢ 01
2.282E 01
2.101E 01
1.784E Q1
1.338F 01
7.850€ 00
1.354E 00

00

-6.264F 00
8.899€ 00
2.02%E 01
2.392¢ 01
2.244€ 01
1.824€ 0Ot
1.212E 01
4.505E .00
-3.944E
~1.077E 01
~8.722E
T.6T9E Q0
1.B6BE
2.317g 01
2.220E D1
1.754E D1
1.037€ 01
1.529E 00

-T.619E
~1.357 01
-9.1561€



0s—8

SUM TILFE DEN = ~ 7 2,108633D-06
P.5. OFN = 1.979780-06

SUM DEN = 4,066200-06

OMFEGA SQUARED = ¥.12655% 06
OMEGA = ?.H6F56F 03



15—49

PRIMARY STRUCTURE DEFLECTIONS For ITERATION No, )

NODE ' oonx CopY R A _ax RY
33 B.681679E-05 - —1.672227E-05 1.785551F~0F | -5.587914E-05 1.189787E-03
34 €.680365F-05 , : 1. TB6359E-01 " 4.A09038E-04 3.191435€-03
35 5.671559E-05 -1.613901F-06 1.755771E-01 | -5.725912F-05 6.399900€-03
36 5.6700D4F-05 1. 75746 TE-0OL 4. T5LTLTE-D4 6.402336E-03
37 . 4, TO1459E-05 -1.536437E=06 1.708324€6-01 ~5.781297€-05 9.573631E6-03
38 4, 699403E-05 1. T709508F-01 4 613784E-04 9.576578E-03
39 ‘ 3, 779292€~05 -1.429631F-06 1.642013E-01 -5.394027F=05 1.267944E-02
40 ’ 3. T758B42F=-05 1.6426B3E~01 4.55603DE-04 1.268287€E-02
1 7,99T454F =G5 L -1.320177F-06 1.556R97E-01 -4.895801 F=D5 1.5667T1E-02
4? 2905251805 L “1.557546E-01 4. 3TTOTY9F-04 1.567218E—02
43 2,120507F=08 -1.232058F-06 L. 454340801 -3,918960E-05 1.84T837F-02
44 2.114253E-05 1.454960E-01 4.109822E-04 1.8484 71E-02
45 1.478B6BE-05 -1, ORTOTOF=06, 14335610801 -3.102203F-05 2.105218€-02
46 1.47348RE =08 1.3361 86501 3.7677146F-04 " 2,106 069E-02
47 : RLATT5T5F-06 -B.9155568-07 1.202210F-01 -2.5761986~05 2.336588F-02
48 R.3I21A29F-00 : 1.202730F-01 3.3770726-04 2.337612E-02
43 2.535161F-06 ~7.076549F-07 1.055738E=-01 -2.1975726-05 ?.540783E-02
50 24779469506 L 1.056194E-01 2.9531TDE-04 2.541899E-02
51 —1.711983F=07 -5.027475E-07 8.978516E-02 -1.980127€-05 ?.T169RTE-02
52 -2.3110286-07 B.982366F-02 . 2.503702F-04 '2.718170E-02
53 =2 620 BE-04 —2.934773F-07- T.302600F-07 -1.593972F=05 © 2.863394F-02
54 . =2.742862F-06 ‘ 7.305735€-02 2.037658E~04 2.855112E-02

. 65 —3.945315F-06 T =74.511419E-08 5:.54714TE-0D2 : ~1.253435F=05 297994 TE-02

56 —4.00THITF-04 5.5621245F-02 1.5494640E-04 2.981209E-02
57 . -2.913061F~04 1-&74601E—Uf 3.732768F-02 -8.837214E-04 © 3, 0642T3F-02
53 -2,G06%32E-06 ] 3.734367E-02 1.04%9516E-04 3.065582E~-02
59 —~2.5377156~=06 - A, 36792 9E-D7 . 1.8T7T6A34E-D02 =5.443255E-06 3.116091E-02
414 ~2 . BARGIRE-DE ‘ 1.977641F-02 5. 384142E-05 1.117428E-02

61 ‘ 5.,462543E-07 ‘ © 1.710423E-06 3.133634E-02
a2 : _ _ -1.713168E-06 - 3.134G756-02

MAXTMUM DEFLFCTION 1.795T4E-01 FOR DOF 140

MAXTSMUM NEFLECTINN RIFFFRENCE = T7.546504E-04 FUOIR DOF 194



S8

MEMBER

MID=POINT

CONRNDINATES

X

2,0000E-01

3.CO00E~-0OL

"1.5000E 0D

2. 1000E 00

2. 70008 09

3.30006 00

3.9010E an

4.5000E 20
5.1000F M0
5.700GE NO

6.3000F 2D

6.3000E N9

7.5000E 00

8. 1900F 00

5. TOO0E N0

9.3000E 30

2. 9000F . 05

1.0500€ 11

1.1100DE 01

1.1700F 3]

1.2300F 21

1.72900F 01

1.3500E Q1

1.4100F 01

1.4730F 01

¥

l.6666F-0]

l.6665F~n]

1ebEEBE-N]

l.6666FE-01

la6666F-21

labhBGE=D]

1.6666F=01

1.5646F-01

1.6606F-01

lobs656F-01

l.6R66F=-N]

l.b65haE-"1

le6666F=0]

1.6666F-0]

l.66hoF=01

1.R664E-01
L.AhERT-N1T

l+8666FE-01

1.6666€6-01

1.6666F=01

1.6666F-0N1

l.6666F-N1

1.66866F-01

1.6666F=01

— -

1.6666F~-01

PLATE MEMABFR STRAINS AND STRESSES FHE TTERATION NO. 1

EPS X

~1.12T3F-06

~3.0212F-06

~4.9522F~06

~6.8412F~06

—B.661TFE~06

=1.0390FE=-05

-1.2010E-05

-1.35175-05

~1.4923F-05%

~1.6246F~0%

-1.7193E-05

=1.7465E-05

~1.7T671E~-0OH

~},.,7TT3IBE~DS

-1.76305=-0%

~1.7330£-05

~1.6337E-05

-1.6173F-05

-1.5373£-05

~1«45?9E-05

~1.3132F~05

~1.153BF=-0%

~3,B535F-06

~B.0T11E-05

-6, 1804E~08

STRATNS
T EPS Y

2.843TE-07

B.1109E-07

"1.4223E-06

1.9951F-06

7. 5449F =06

3.06482€-06

3.5613E-06

4.0194E-006

4.43T4E-06

4, 7T443E-06

4,.346528-06

5.1359FE-06
5.2154F-08

5.,22T76F-06

f.1821F-N6

5.0825E-06

4.9307F-06

4,72%6E-06

4.4492E-06

4.1243E-06

3.8284E~08

3.4488E~06

2.9380F-06

?.3913F-05

1.8081F-05

.

EPS XY

1.6610E-09
~1.0723F-08

5.0875E~10

=4 .,97ALE-10

G.8254E-10

2.7096F-09

4.5449€E=-09

5. TA&OF=09

3.0466F=09

1.6097TF-08

—4.2T74G9E-09

-1.0357E-08

-9.4432F-09

—T42482E-09

—4.0846E-09

—-4.9312E-19

3.1968F-09

5+.1R82E-09

1,0692F=08

1.07T376-08

- - T

-1.3975F08

-2.T438E-09

-9.,0353E-09

-6.7381E-09

~-5.2718E-09

SI6 X

=1.1%47E
-3.0%26E

—4.9731E

-6.8601E

—-8.6T4E

=-1.0405F

=1.2024E

~1.3529F

=la4936F
~1.6289€

~1.7257F

-1.749%9F

~1.7699F

~1.7T769F

-1.7665E

-1.7368F

-1.6B77F

~1.6214F

~1.5426F

—1.4606E
~1.3169E
-1.1542%

=9, B859%E

-8,0809E

-6.1955E

01

or -

0t
01

oL

0z

oz
02
o1
o1

oL

n2 -1.T868E ©OQ

STRESSES
SIG ¥

-5.9034E-01

~6,9653E-01

—6.294TE-01

-5.8923E-01

=5,35626-01

~4.,5T7T6E-0L

—3.9400E-01

-4.3119E-~01

-1.4233E 00

~-2.1183F 00

-1.1392E Q0Q

-5.4382E-01

~1.0326F Q0

~l.1764E 00

-1.2776E 00
-1.3237E 00

-1.386BF 00

-2.56B8F 00

-1.2216€ G0

-1.3707E-01
-1.9858£-01

~3,2947TE-01

=5.0534E-01

SIG XY

5.4721E-02

~1.0468E 00 —T7.6596E-02 777

3.6339E-03

-3.5543E-03

- o

7.01815—;3“
1.9326E-02
3.24838-02
4.8329E-02
2.1761E-02
1.1698E-01
~3.0535€-02
—;.39;05—;2

- - -

—5.7451E=-02

-5.1773E-02

~2.9176E~02

—3.5223€-03
2.2834E-02
3.7058E-02

T.636%9E-02

T.6891E~02

~7.8394£-02
~1.9598E-02
~6.4536E-02

~4.81298-02"

- e

~3.7656E-02



£5—8

PRAGRAM LTISTING DF INPUT DATA CARDS

R L R Ty A PR - |

123456TAGN12245670%01234557990123456T39012345678901234567390123456 THON1 234567890

Cleators prAmLEM 11 -

AUGLIST 21, 1974

1.
2 1
Q
B BEOAT
o4
1
10
13.E4
0
AOLE2
2p.r3
G90.
1
70,
1
0.
1
70,
'
7.
1
T,
I
0.
1
TN,
1
70.
1
70.
a2
el
£
no
N 1Y
-326,.
1 1
-325.

1
4333273

1

e0.F3
27 .EN

59
1.
ADLED

HaF3

22.F3

70,

3

1 1

75

1.16A67

STATICS fOLN SO8K |

0.
0 0
J166867
12, 1F-4
5
271.8~6
2
2
t:] .
4
[t

7
05
o1 .01
1.E-% 1.E~6 L.E-#&
0 0
0 n
Qe D. 0. D

cinssassslesssreasedasscranssdiasarssrssttonscnisnsFienaunsesabacansnanslasnrnnans,sd

N2456 AN L2 AS6TRGD123436 TA90L 23456 TEQDL 2245678901 23456 TET0123456T890123456 T80



OPTIDWNS

STATICS PRNOBIEM

MAXTMUM N, FTFRATINNS = 13 CONVERGENCE PARAMEYER = (.0

PRIMAPY STRULTYRF SYPESSES PRESFNTED AFTER FACH ITERATION AT PLATE MID, TOP AND BOFTOM SURFACES
TILFS 0N PRIMARY STRurTURE

TILF STRFSSES PREOSENTFM AFTER LAST FTFRATION

TH ™ RIME MAR MOT RFOIIRED

TILE FLEMENT MAP PRQUIQED

FILF NODE CONRODINATES RCOU(RED

00 N2Y PAIINT ELEMENT STIFFNFSS MATRICFES

NN NAT PRIMF ASSFMRLEN STTFENFESS MATRTMFS

00 NAT PRINT FILE DEBUGARTING TRNFARMATINN

LOMPHTE STRESSES EAR ALL TILFES



§9—-9

PLATF

STRINGERS

RRECK

-STRINGERS

e e e

ARRESTR

15ALATNR

RET

Lx

¥l =

1ye =

NXR =

TA =

LY

NT) =

£o

GAMMA A

ALPHA ¥

El

GAMMA @

E.66667F 00

4«GO0F-01

0.0

8.9

1.646T70F =01

i
Q

L.J09GaF o7
G.0

6.00000% 04
5.00000F-01
2.00000F 04
n.n

9.99999E-07
2.00000F 01

0.0

ALPHA

LY

ze =

NYR =

Tr =

MR 2

Ell

NTZ =

NIf &

MU S

Fy
NU ¥Z

Gy?

" ALPHA ¥

N T

RY 7 ALPHA AX

L]

i

CEONMETRY

5. 000ONFE~02
14

7

3. 00000E-01

0.0

&.00000F 04

1. 00050F-01

3.20000F 04

9, 99999F-D7

4. F0N0NE-01

1.00000E 00

TP

¥s

JX

T2
TC

ND 2

GaMMa P
GAMMA_S

E7
NUZX
G7X

ALPHA 2

GAMMA

]

]

T.50300E~-01

L.1666TE 0O
D.0

1

0.0

6.00000F 03

1.00000E~-02

3,20000E 04

9. 99999E-07

0.0

A3 =

BETA §

ALPHA p

ALPHA P

ALPHA |

ALPHA RZ / ALPHA RX

]

1.310008-05

0.0

2.T1000E-04

L.00000E 00 -



95-4

ER
gr1

6Re

Ny R

NU R
ALPHA @
FC

N

&1 PHA

TEMOERATURE

PANPrATY
£.0DOF 04
6.000f 03
3,200F N4
5.0006-01
1.000DE-02

R ATOE-DT

TEMPERATURE DEPENDENT MATERTAL PROPFRTIES

TEMPERAYRE

PROPERTY

TEMPFRATURE

PROPERTY

TEMPERATURE

PROPERTY



15—4

£0GE

OFL

pLaTe T or PLAne PLATE T TRIE
TBINNFD | FOEF ' FREF
PLNNED U HELDy ¥ FREE FREE
FREF Free
FREF vV HELD, U FREF

STATIC LOADRINSG

NX = 0.0 NY = 0.0 NXY = D.O NYX =

RT = CL.0 T = 0.9 M= 0.0 v =

TEMD B = =3, 28300F 07 . ‘ DEL. TEMP § = 0.0

STRINGERS

FREE.

FREE



858

STATIC THEZIMAL 1LCADING
UNTFNRM TEMDFRATURE DOTIGM
T RFFERPENCE =  T,0000F 01

DEL T Y =T - T REF = ~2.29500F 02



go-g

gl

g2

813

Ft FMENT

LAYER
RS 1

34 85

.

R&

M

A

p

87

88

89

90



094

TILE MESH
ELFMENT

1

11

12

13

14

16

17

14

14

(YL

17
19

19
21

23
25

25
27

21
29
]
31

31
23
33
35

35
2t

37.
ER

135
41

TTLF™

14
16

16
i3

13
2an.
72

24
2h

26
28

25
30

30
32

12
14

34
ER

34

‘3R

38

40

40
42

NDDES

‘24
26

34
36

3¢
38

52
54

54
54

56

58

‘58
50
62

62
&4

23
25

25
27

27
29
31

31
33

13
35
a7

at
39

39
&1

41
43

45

47

47
49

49
51

St
513

53
5%

55
57
57
59

59
&1

61
i3




19—8

CNGNE

D d (O s b R

n -
.0

6+6666TE-01
6,66667E-01

e I ]
.

1.33333E bo -

1.33333F 0on
2.000N0E Q0
2.00000F 0O
2.66667TF 0D
2.6666TE 0D
3. 33333F 00
3. 371332E 0D
4,00000F an
&, 0D000E 00
4.66667F 20
h.L666TF 0O
S.33334F 0N
5.33334F 00

5400000 a0

. DCOQ0F DO
b.6EE6TE DO
6.6666TF 30
0.0
a.0
L. HESGTE=D,

6. 66667F-01

1.33333F 90
1.33333F 9D
2.00000F 00
2.00000F 90

 2.6666TF OO

2.6666TF 90
3.33332F 10
3.33333F 00
4.000007 g0
4. 000008 00
4. 66EHTF 02
4 B666TF 00
5.33334E 09
5.33334F a0
6.00000F 04
6, 00000F 00
hoBEHRTE O0
6.B6EHTE 0D
0.0 '
0.0
b.hEHETE-D]
£.6665TE-01
1.33233F 00
1.33333F 00

T

i) :.)Duadwa\,-:3»D»_u:::mf;n_,r‘.)wo.p::m’).nb»Oxcu:}

L A )

D W O WS O DO WD O oD D

WDUJOLJOND.‘JC)UJCJ'.H’J;Q

i E COooRrRD

¥

2.0
3.33330E-01
0.0 :
3.3333nF-01

(7}
L

30E-01

.
mouousuamawawsucuo

3330E 01

K]
w
L
[
Iail
]

>

—

L S T R R T Y

23230E-01

2330F-01

2330F-01

3330E-01

o

330F-01

3
0
3
0
3
0
33330F=01
Q

.
.
.
L
.
.
.
»
-
L]
»
.
.

33230F-01

3330F-01

DO 0DOLCORNTCOoOVILICOOD0CO D

32300-01

INATES

7

L I T I T R

2 4 & e ¥ 4 4
DODDVDIVAITLDOD2IVIDIDOD

. 5 ° & v @

5 000DNF-07
5.00000F~02
5.00G00E~02

5.00000F~-02 -

5. D0000F~02
5.00000F-02
5. 00000602
S, 00000F-02
5.00000E~02
5. 00000F-02
5, N00D0E~02
5.00000F~02
5.20000FE~02
5.00000F-02
5. 00000F~02

- 5.00000F~02
9.00000£-02

5.00000F-02
5.00000E~07
5.000D0E~07
5.00000F=02
5.00000E-02
2.166TOE~0OL
?.16670E-01
2. 1667001
2.16670E-01
7.168670C-01
2+166T0E-01

TEMPERATURE

-3.25000E
~3.25000€
—3.25000F

—3.25000F

-3.25000E
-3, 25000F
~3.25000F
-3,25000F
-3.25000E
-3.25000F
-3,25000E
-3.25000F
~3.25000E
=-3,25000E
-3.25000F
-3.25D000¢
~3.25000E
~3.25000F
-3.25000F
-3,75000F
-3,25000F
~3.25000F
-3.25000F
-3.25000F
-3.25000F
-3.25000¢F
-3,.25000€F
-3, 25000€F
-3,25000F
-3,25000E
~13,25000F
~3, 25000F
-3, 25000F
-3, 25000F
-3,25000¢
-3, 25000F
-3.25000€
-3.25000E
~3.25000F
-3, 25000F
-3.25000F
-3, 25000E

«25000E
~-3.25000F
-3, 25000F
-3,25000F
~3.25000F
~3,25000F
-3, 25000F
~3.25000¢F
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PRI MAFPRY STRULCTURF DFGREES nr FREEDODM
fL OB AL GEOMETRY ’

NADE X ¥ ? nx ny D7 RX RY R2
1 0.0 0.0 0.0 1 7 ) 3 4 0
2 0.0 3.3133008-01 c.0 5 0 0 & 7 0
3 6.666670E-01 0.0 0.0 a 9 10 1 12 o
4 f.BE6ATOFE-D1 3,333300F-01 0.0 N 13 0 14 15 16 v}
5 1.333334F D0 0.9 0.0 17 18 19 20 21 0
L L.333334F 99 2.333300F—01 0.0 22 0 23 24 25 )
7 2.000001F 00 Nen 0.0 26 T2 28 29 0 D
8 2.000001E 00 3.333300E-01 0.0 31 Q 32 13 34 ]
g 2.56666RE 0D D.0 0.0 35 356 37 38 39 D
10 2.h866EHE 0D 31.2133300F-01 .0 40 o} 41 42 43 o
11l 2.333335F 00 ]} 0.0 44 45 46 47 48 ]
12 3.333335F 0o 1,333300F-01 0.0 49 0 50 51 52 0
13 £,200002F 00 0.0 C.0 53 54 55 b6 57 [+]
14 4,000002€ 00 3,333300E-01 0.0 58 0 59 b0 61 0
15 4,6666695 0O 0.0 0.0 &2 63 &4 &5 b5 0
1% 4 babb6IE 0N 2,333700F=-01 0.0 67 0 68 69 70 o
17. 5.3331334F Qn n.0 0,0 71 12 73 T4 75 o0
18 S,333336F 00 3.333300F-01 0.0 Té v} 7T . 74 19 o
19 &,000003F Q0 0.9 0.0 B0 ;3] 82 a3 84 0

2n 6. 00ONDIE Q0 3.333300F-01 0.0 85 0 a6 BY as 0
21 6.66A6TO0E 00 0.0 0.0 n 89 o 90 g1 0
22 L.hbs6TOE 30 3.333300F=-01 0.0 o a Q 92 93 0



T -

RLL

2.838170F=-02
2.8381T2F-02

2.554341E-02

2.B54342E-07

2.270516FE—-02

S 2J2T0816E-D2°

1.9865604E=07

T PRIMARY STRUCTURE DFFLECTIONS FOR TTERATION

DY,

1.615157F=03%

1.419158£=03

1.419166E-03

l.41917T1F-03

£9—9

1.9866Y94E=07

1.702876F=-0? 0 1e419175F-03 0.3 0.0
10 1.7078%6F-07 : 5.0 0.0°
kt 1.419059F-02 l.419) 78E-03 0.0 0.0
12 1.4159060FE=02 C 0.0 0.0
12 1.135245F-072 1.419182F-03. .3 : 0.0
14~ 1.135246E-02 0.0 G.0
15 8,5143226-03 1.419122¢8~03 9.0 0.0
16 A.514334F=-013 ' ’ 0.4 n.0
11 febTA2146F02 1.415185F-03 0.0 0.0
18 S5.6Ta7laf-01 0.0 8.0
19 2.839105L-07 1,41 G1R6F-03 0.0 0.0
70 2.832105F-03 .0 0.9
21 1.419186E~03
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PRIMARY STRUCTURE NNDFS ASSORTATED WITH TILE NO,
L 3 5 7 9 11 | ) 14 17
2 4 <] i3 10 12 L4 1o 13

1

19
20

21



Go—1

MFEMRER

N A o I

[ |

-

P I |

LralN N I |

MIN-20TINT

COANBNIMATES

X

« 33336

- N30T
SHO6TE

«3333F

 JONGF

W ABOGTE

- 22338

«O0ONE

“BRETE

« 33722

ni

0
a0
30

20

1.A866F=-01

Lot 64F=01

lesti6ae=01

l.66656F=-01

leftAac-01

1eto0hBE-01

1.6666F=-01

l.asm6ni =11

TuhR4GRE=0]

l.6656F-01

—_

PLATFE MEMRER STRAINS AMD STRESSFS FOR ITERATION NO. 1

EPS X

-4.2514F-33

~4 209 7T4E-03

=4.257T3E-03

-4, 25 T3E=-Q3

—4.2572E5-07

~%4425T2F-07

—4,25726-03

-4 4,25T72F-01%

4. 25T25=-03

—4.2%77F=07

STRAINS
ERS Y

~h 2575503

~4.,2575F-03

—4,2875E-03

-4.2575F=073

=4,25745E=-012

—=4.,2575F~(33

=4,2576E-03

—4425TAF-03

—4,25ThE~013

~4 ., 2575E-03

EPS XY

?.5495F-09

1.4232E-08

1,8335E-09

T.0723E-09

1.2049F =08

1.5%295f08

1.6929E-08

9.5170F-09

T.T4n2E-10

8,731LF-11

bt w1l Mo

516 X

1.351aF

1.8008F

2.3750F

«A211E

+90563E
.ZBZQE
.35;5E
.51;5F

+5195E

6.5625F—

o1

aQ

a0

]

a0

o

L]

no

09

a0

STRESSES
SIG ¥

A.2031F-02

1.6406E-01

8.2031E-02

1.2500€£-01

1.,2500E-01

B.EOBIE—OZ
I-ESOOE—OI
1.5500;—01
B.EOBIE—DZ

8.2031€-02

SiG XY

1.8211€501
1.0166E-01
;.30;7E-;Z
5.0516E-02

8.6065E-02
l.1163E-01
1.2099€-01
6.79796-02
1.24736-03

6.2365E~-04
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MANE

o

7. R3ITAIR[-N7
Z.8337437F-02
2.5536286~02
2.55162RE-02
7 2RYARERF-07
?.2HI85TF-02
1.934170E-02
1.9751190-12
1. 7924G3F=002
1. 102403F-07
1.4136966-02
L4l 369ef-n2
Pel134951E-02
1.134991F-07
LSL2773F-07
L5I2738E-03

e
H

5.£T54A05-12
S.£T54491F-03
?.8317912¢F-0%
2.RITGPEF-03

MAXTHIM DEFLECTION
MAXIMUM OEELOCTTON DTFFE”#N(E
MAXTMUYM CONVFRGENCE PARAMETFER

SOLUTIMN HAS NDT CONVFRGED

PRIMARY STRUCTURE DFFLECTIONS FOR

oy

TA4TQIRZF-03

1.419224F-07

1.419786F~01

1 419325F-03

1.419350F=03

1.419358£-03

L.4)93566~07

14193358013

1,419303E~03

1.%19248E-03

1.4159709E-07

0]

I

2.83T44F~0D2

1.07207F-04

2, T783INF-N1

FNg

Fon

nr

3.204057E=05
3,203 745F=05

6. 173004E-05
6., 1T2433E-0%
3.5922715-05
B.5F150AE-05
1.0177?537-04
1.017165E~04
L.O72070E=D4
1.0371 368 -4
1.016943FE~0%
1.0149505~04
3.581158E~05
A.5862272E =05
6. 16T241F=05
6.166530F~06
2. 200154E-05
3.199324F 05

NNF s

nnF 46

ITERATION NO, 2

RX

1.115410F=-08
-1.107TD75E~08
~ 24 434943E-0T
?.304330F-07
b 4441 T3IF-07
6.098011E-07
~9.B69331F~-07
3.408456E-07
-1.215332F=06
1.158402¢-06
—1.2%949A0F-0h
1.23%488E-06

—1.215301E-06

1.1559N9F~-06 °

~3.8T5T703F-0T
9. 3694 64F-0T7
—0.4262725E-07
5.055278F-07
—2.472392E-07
2.2T0913E=-07
1.032928F=08
-1.089510E-0A

RY

~4.857245E-05
-4.856790E-05
~4,696766E=-05
~4.696350E-05
~4.118166E-05
4. 117824E-05
-3.059379E-05
-3.059104F-05
~1.678358E-05
~1.628164E-05
2.4582T7E~08
2.492761E-08
1.632451F-05
1.632320E-05
3.761978E-05
3.0613106-05
4 11T201E=05
4.116938E—05
4.6921176-05
4.59168TE-05
4. B50829E-05
40 850344E~05

RZ
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TIPS OTSPLACEMENTS FOR TILE NG.

NANE

—

X COMPONENT(II}
2.3256T735F~07
?.8356T42E-07
245519237E-02
2.5%5%192376-02
?2.768346580~02
2.2683650E-02
1.9850120F-02
1.9850120F=-07
1.7018143E~02
1.7018139E-02
1.4186997F=-02
1.4186536TF-02
1.12355%862€-07
1.1355886E-07
8.,52391876-03
8.5239324F-03
L 690GLE66F -0
S.A65047T720 =07
?.B549971E-p3
2 8550087801
1. 7662009F=-05
1, 766D204F =05
1.55B7583FE=07
1.55877A45=07
1 .53383845=07
1.57384226-02
1.5087T29E-02
1.5057940F-C2
1.4790334F-07
1.4731516F-02
1.4522307€-0"7
1.4572433F-02
1.4752145F-02
1.42522195-02
1.,3931856F-02
1,1081512F=02
1.3713469F =072
1.2713501F-02
le 2G45472725-02
1.3445560F=02
1.3143764E-02
1.31640075-02
1.2513132F-07
l.29141295-02
1.5435152F-02
1.5435338F-02

1a5249137F-07

1.92493G0F=07
1.8013330F=D2
1.5012553F-07

¥ COMPONENT{(V}

[.4191780E-03
4.0737547F-0%

1.4193156E-03

—H.45%00016F-08
1.4195214E-03
— R 2263924F =07
1.4196830F=-03
-3,42357 00F-07
1.4197313F-03
~4.2083G34E-07
1.4198280F=03
~4.,4T831R825E-07
1.4197964F=-0N1
—4.138%641F-0T7
1.4196937%~02
-3.40913576-07
1.41595358F-03
—-2.2N99842E 07
1.4193379F~07
—83.3245513F~0R
1.419205%52F=-03
4.,0013721E-00
T.6364T93F-04
AL T323TT2F—-04
Ta 7265571504
6.603R5458 -4
T.7450767E~-04
6,5354] 45F =04
T.32349455EC=-04
L, ARATOITE -4
T.8311702E=D4
A, ATRAGTTIE—Q4G
T.8328699~04
A AAITHEPOE-04

7.82A1830F-D4 .

G.4&T1558295-04
7.3135147E-04
667951 93F-04
7. ThE65 FRF -4
6.5159093F~04
T.5372460FE-04
6. 5T93912F =04
7T.5655989F =04
5.69794R6F D4
Te42919 74504
£.94H3020F-04
7.4337330F =04
6,9313763E-04
T,4224300E-04
5.3324533F-04

1 ANG ITERATION NO. 3

OMPONENTI W)

Do~

c
-3
-2

1,1108400E-05
3.1105301€-05
5.9920929E-05
5.9915212F-05
B.3383013E-05
8.3375431E-05
9.8693835F-05
9.85690522F-05
1.0401014E-04
1.0400009€-04
3.,8668752F-09
9.8A59031F-09
8.3330786F-05
8.3322491E-05
5.938632130F-05
5.9857077F-05
3.10692554E-08
2,1065982F-D
3.0 :
0.0
-1.2956962E-02
=1.,7940125E-072
=1,2648195E-02
=1,26£51250F-02
~1.25510065-07
-1.25539826-02
-1.2500148F-02
-1.2503054F-07
—1.2469962F~-072"
L 24T727T79E~02
~1.2480098F=-02
-1.2462813F=02
-1.24T7Q0Y19E-Q2
=1,24T2THTFR-(2
=1.25005325-92
=1.2503073F-02
-1,25517516-02
-1.2554195E-02
~1.2649726F-07
-1.2652103E-02
~1.2960803E-02
~1.2963068F-07
-1.3182126E=02
-1.3185198%-02
~1.2763842E~02
-1.2767781E-02
-1.2597803E-02
-1.2601636E-02
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[ BN T I SRR ) - RN I SN P R LY R b5 - e R T IR W QY T owd O 4 vy e

L TN N BN RS N BN B

LOCAL COORDINATFS

5.25978F-01
5.2578%-M
1.4098¢-01
T.40/RF=-01
5.2578E-91
S.25THE-01
L.4NB8E-0L
1.4088F=01

1.192%F 10
1.19258 00
A, 0755E-01
3.0755F~D1
L. 13258 N9
1.1925F 910
3,0755F =01
H,O755E-01

1.95G1F 29
ELHE91F QO
t.4742F 02
1.4T42F N9
1.8591F 0
1,8591F 00
La 47420 09
La47420 Q)

2.57258F 1)
2.57?548F 00
2.14098 M
2.1409F 00
2«525RC 09
2.R258E 00
Zabta09F 00
2.1409F 00

3. 1924E 9D
3.1%24C 0N
2.3075E 00
2.8075F N0
1.19246 09
1.1924F 00
2.BNTSE 09
2.8075E 5D

STRFSSFS FOR TSOLATAR AND ARRESTIN

¥

T Wf2B9F=01
T.N441E=32
2.5289F-01
T.0641E-D2
2.6289%-01
T.0441F=02
2.A283E-31
T.0441E-0°

2.H269F-01
7,0441F-07
2.6289F-01
T.1341F-02
2.60285F=0]1
T.DGH1F-N7
2.62EB9F=-0)
Tu0441F-Q2

eI AT
T.044LEX]?
7.67895-01
7.04417-02
2 EPBYE=01
7.04416-17
2 62 B9F-01
7.0661F-07

L EPHRE=]1
T.04415=-07
P APRGF-0Y

T N441F=-07

2.6289F=-01
ToN4416-02
P bHPEQF=QO]
T.0441F-02

2.67837-01
70441002
26289601
T.0441F-02
2.0289%-01
To0441F-12
PLEZ7BIC-NOY
T.N441E-07

ELEREMT
3.9434F-02
1,5434F-07
1,94341-02
3, 9434E-02
1.056AE~02
1.0566E6-02
1. 056KE-02
1.0566F~07

FLEMENT
3. 5434502
3,9434F-07
2.9414F=07
3,94345-02
1.0566F-07
1.05440-02
1.0586E-07
1.N56AF~02

ELFHENT
3.G424F~02
2.94347-02
1.5474F=07
3,54340-92
L O5ARE=02
1.0566FE-02
1.0%655-07
1. 05E5F-03

ELEMENT
3,9434F-02
3.9434F-02
3.94%14E=02
3.5434F-02
1.0566F=02
1.0566F-02
1.G566F~02
1.055AE-02

ELEMENT
3.9434F-02
3. 9434E-D2
3.9414F-07
3.9434F-07
1.0%66F-02
1.0566F-02
1.0%566E-02
1.0546F-07

NUMBER

NuMRER

NUMAER

NIMRT R

NMUMBER

%X

1
1.5T10F
1.5762F
L.1014E
1.L058F
8.8934F
8,946 7F
4,1617E
4.7153F

2
1.393%4F
1.84985E
1.7791E
1.7843F
1.2201F
1.2252%
1.1939F
1.1091F

3
1.9995E
2.0945¢
1,9554F
1.9594F
1.2270F
L3320
1.2897¢
1.7857F

4
2,0591F
2.0551F
2.0252€
2.,0301F
1.3789F
1.2338F
1.3536F
1.3585F

5
2.0698F
2.N744E
2.06208
?.DA6AF
1.3990F
1.,4037¢
1.3912F
1.3759E

FOR TILE NI,

Yy

L.5712€
L.RTERF
L. 1019E
1.1073E
A.3943E
8.946 7€
4.1628F
4.2165E

1-8937F
1+«RA938BF
1, TT195E
L. TH46E
L. 2201E
Le2253E
1.1040E
L.10%2E

1.999%E
2.0045E
19545
1.493595¢
1.37270€
1.3320F
1.7807E
1.2857¢F

2.0501%
2.0551E
2.0252F
?2.0301E
1.3789F
1.33827F
1.3535F
1.3584F

2. 069TE
2.0T44F
2.0&20F
2. 0RATF
1+3989F
1.4036E
1.3911F
1.3959¢

o
01
nl
01
0l
o
01
a1

1 AND

TTERATION NO., 3

STRESSFS

12

XY

3.9111E-01 -2.5630F~04

4.4556E=01
-4.4993E DD
=4 .4476E 00
~6.2898E 00
-6.23%3E Q0
-1.1216F 91
-1.1160F 21

3.7536E 21
3.,830K67TE D0
2.5624F 0)
?.6144F 0O
-2.83461E 00
-2, 7824 Q0
-4.0554F 09
~4.00L5F 00

4,85T1F 00
4.9088F QO
4,3467E 09
4.4392F 00
=1,.7334F 00
-1.6318E 00
—-2.216%F Q0
~2.1438F 20

5.3B864F Q3
5.436AE 00
5. 125%0FE 00
5.17A1E 63
~1.1932C N3
-1.1431E 0O

L —1.4514E DD

=1.4063F QO

5,5891F Q0
5.6378E 00
_5.508KF 09
5.5532F OO
=-9.8430FE-01
-9.3534F-91
—-1.0650E 20
-1.0154F OO

2. 5833E-04
-2+5%445-04
2.5608F-D4%
~7.0354F=-0%
T.17T4E-05
~T.0%02F-05%
T.1195F~-05

-1.3370E-04
1.2957TE-04
=1.,3235F=-04
1.3126F-04
-3.BA26F-05
2.910%F-05
-3.8010F=05
3.8951F~05

-8.9503£-05
8.A453€~05
~5.882RE-05
3.9128F=N5
~7.56462F-05
2.56609F-05
~225672E-05
2.+ 6465F-05

-2. 1043%F-05
2.1278E-05%
-1.8680E~05
2.3%28E-05%
~1a4484FE-06
T.424TE-06
-6, B578F=-D26
B.2584F-06

~G.6340E~06
6.56029F-06
~T.B3319€~-06
8.7405F-064
~3.5045E~06
2. 1825E-06
-7.9B41F=06
2.T209F-D6

Yz

2.3283E-01
-2.2482E~01
2.3546F=01
~2.2715€-01
2.3299E-01
~2.24b5E-01
2.3563F-01
-2.2699E-01

242992601
-2,2252E-01
2.,3134E-01
—2.?35RF-01
2.3008E~-01
—2.2236F=-01
2.3150E-01
=2.2342E-01

2.2807E-Q1
—-72.2118E-01
2+.2905E-01
-2.2183E-01
2.2823E-01
-2.2103E-01
2.2920F-01
-2.2172E=-D1

2.2733E-01
=-2.20828-01
2.2761E-01
-2.2090E~-01
2.,2T48E=-01
-2.206TE~0}
2.27TT6F-01
-2.2075€~01

2.2T03E-01
~2.2079E-01
2.271TE-01
-2.20T9F-01
2.271L7E-01
~2.206%E-01

2.2132E-01

-2.2064F-01

IX

—-5.4684E 00
-6.%685E 00
~7.3711F 00
-T.3T12E 0OC
-6.47T57E 00
~6.4T58E 00
-T«.3TB4E Q0
~T.AT84F 00

~4.9285E 00
—4.9286€ QC
-5.8195€ a0
-5.8196E 00
~449303F 00
-4+9304F 00
=5.8213£ 00
~5.8214E 00

-3.3817¢ 00
~3.381T7€ 00
~4.27T65€ 00
-4.2766E DO
-3,3824E 00
-3.3824E 00
-4,2773E 00
-4.2TT3E Q0

-1.833%E 00
-1.8336F 00
-2.T276E 00
-2.T277€E Q0
-1.8339F Q0
-1.8340€ Q0.
-2.7280E 00
~-2.7231€ 00

-2.8T10E-01
-2.87T12F-01
-1.1802E 0O
~1.18G2E 00

~2.87228-01 .

-2.8724E~-01
~1.1803¢ 00
-1,1803F 00



69—8

MEM

TEvP
1 -32%,
2 -325,
3 -325,
4 =25,
8 -325,
& =325,

T =325,
8 -325,
5 -375,
In =325,
11 -325,
12 =325,
13 —-3a2s,

14 =325,
15 -325.
16 =375,
17 =325,
I8 -325.
19 =325,
20 =325,
21 -32%,
22 =325,
23 -325,
24 =325,
25 -325.
24 -32%,
27 ~325,
28 =325,
29 =375,
.30 -32s5,
3] =325,
'37 -32%5.
33 -2725,
314 ~375,
35 -37°5,
36 =328,
37 -325.
39 —1725,
3. -325,
40 -32%,
A1 -32%5,
&2 -325.
43 -325,
44 =325,
A5 =325,
46 =325,
47T —325.
48 —325.
49 =375,

50 =375,

LOCAL CNORDENATES

X

0.23
t.0a
1.67
?2.33
3.00
3.67
44,23
5.00
5.67
A

..0.33
Clen -

1.67

2.2

3.00
ENY
4,33
5,00
5,47
6,33
3,33

" 1.00

l.&7
2.3%3
3.08
3,67
4,33
5.00
5467

b33
0,33

.00
1,67
7.2
3.00
3.67

4.3%

5,00

S.67
6,33
0.33
1.00
1.67
2.32
3.00
3,67
4433

5.00

5467
£.23

v

q.17

z

0.02
0,02
fa02
0.0z
G032
DL02

G.02

Q.02
D02
G.n2
0.13

"0.13
0.1

0.1%
D.13
N.132
0.12
D.17%
Q.13
Q.87
Q.30
0,20
.30
(.30
0.730
Oe3D
3. 30
Q.70
0.320
0430
0.47
[V
Q.47
CenT
[V
Dot
N.47
Dot T
n.47
Co& T
Goh
0.Fh3
0,53
Oab3
0.63
Oufr3

STRESSES AND DIRECT GTRAINS‘EUR TILE NO.

*
XX

-2.315E~013
—2.237F<D3
-2.326E-03
—2.,32%F-03
—?.3246E~n*
-2 328E-03
-2 .325F~03%
-2.326F~01
-7.33RF~N?
—2.3185~0%
=3, 2548204
2, 8T45~04
—1.85pFE~04
-2, 3604
-2 94 RE-D4
~1.,9505-04
-1,51BF-04
-1, 3347 -04
-31.385F-04
-2, ?72E-04
=2 ARNE-D4
-3.212F-04
-3.582F-04%
—3,4B1E-D4
-2, T2 SE-N4
~3, T2TF-N%
-2, ABGF- 14
3 583E-04
-3.219F=-94
-2.387E-04
-1, TTTF=04
-2 AV AE D4
-2 ,192F=-04
-3, 4C9F =04
-2,475E-04
-3, 4T9E~D4
-1,412F=04
-2, 1946F-04
~2,613E=04
=1,737F=04
~1.483F—D4%
~7. 146F—D4
—2.TI0E=D4

=300 F-0%

=3, 205E-D4
=3 2LE-04

STRATINSG
Yy

2.2 19E-N1
~2,307F=21
~2+324FE-N3
-2.3325-213
~24334F-007
~2.334F-01
~7.332F-03
—~ 2 223FE-03
~2.307E=-n13
~2.2735-03
—2.234E-006
~2.5?3E-14
~2.6926-4
—-2.793E~-04
~2.370F=-N4
~2.819%-0%
=7 TI0E=04%
—2.586E~N4
~7.514F-04
=2, ?24F-04
-1.005F=~n4
~2.401E-95
~T.3030-05
~T.1RTE-05
~T.136E-05
“7.129E-05
~7.1A85F=-08§

=~ 1. 270F=-0%

—B.349E-N%
—1.000F=-14
=he T94E-05
-3.473F-05
“R.E&TH0-06

1. 132F=94

6.116F-06

4.163E-06

1.269E-06
-f.469E-06
-2 44 BE~35
&2 T78E=05
-8.901F-05
5. 9716-05
-2.1%0F =05
~1.692F-n5
-l.185F-35
-1.183F-795

0.63 -3.0076-04 ~1,687E-0%
G.63 =2.780F-D4 -3,143E-05
0.6%F -7.147F-94 -5,961E-05

Jeb2

-t AETE-24%

-P.B94F-N5

*
17

-2 .5564E~01
-2.529F-01
~2.520F=01
~2.515F=01
~?.514E~01
-2.514F~01
~2.516E-01
—2.520E-01
~2.529F-01
~2 564001
=1.025F=073
=%+ 839F=-04
~2.060F=04
-%.14%E~05
~h REIE-D5
—4,35TE 05
—9.254FE~05
—2 0T9F~04
~4a G4 TF~04
—1.034F=00
~%.TV1E-Q4
-2.611F=04
1.225€~05
1,521F~04
2.035F=04
2,0348-94
1.516E=04
E.N526-0%
=2.651F=D4%
-4, T70E-04
-2 «998F=04
=2.810C-04%
-7, H57F=05
6. 578F-05
1.230F=04
1.728E-04
6.515E-05
~T.826E-05
=2 .54 CF=04
—3.034E=04
-1.901F-04
~2.433E-04
~1.197E-04
4,472€-06
AL ZTRF=(15
8.761F-05
3, TRSE-NA
-l 21 E=-04
-2 J455F =04
-1.921E-04

XY

9.971F
1.6802%
1,6%43E
l.704F
1.733€
1.733€
1o 704F
1.642%
T.499F
G.904E

loZﬂQF:
~2.601E .

~2.163€
~2.304E
~2.485¢
-2.495E
~7.335E
~Z 2118
—2.576F

1.7213F
-9.748F
~1.575F
-1.795F
~1.851F
-1.879F
-1.881F
-1.855F
-1.799F
-1.579F
-1.003F
-3.628F
-2, 990F
-1.233F
-1.351F
-1.387¢
~1.388F
~1.352F
—1.73&F
-9.013F
-3, 686F
-1.991€
~5 4 194E
-9.986F
-1.130F
-1.240E
-1.241F

-1.180F

-9.995E

-62201E ;

-2, 017F

1 AND ITERATION NO. 3

Yy

'9,9T3E
1.502%
l.641%F
1.704E
1.7313F
1.7323%
1.704F
1.647€ 01
1.500F
9.907F
2.803E
2.297F
3.311F
3,315E
33540
3.363E
3.314E
3, 2aE
2.287E
2.TBTE
=& 43 YE
-6.759F
~6a541E
—5.6TSF
-6 . T48E
~64 7S0E
—h.OT4E
-6.540E
—fh.250F
— 44 4B3F
7.613E-01
T.T8TE~D2
9. D059F-02
1. 740F~01
2.067E-01
2.046E-D1
t. 736801
8. R46F-02
T.362E-02
1.4955-01
2,824€-01
24 433F-DT

~1.3065-01

-8.3246-02
=5.117E6-02
-5.335E-02
~B.B835E-02
<1l.320E-01

3,664F-03

3.TLIF-01

STRESSES
Iz Xy
~5.376F 00 4.430F-07
~1.156F-01 ~-5.6256-07
1.349F 00 -7.735E-08
1.990F 00 7.876E-07
2.786FE 00 -5.610E-07
2.7285F DD -2.%96E-06
1.387F 00 -2.890E-04
1.341E 00 -3.41TE=06
~1.440FE=01 =3,052E-06
—5.445%F 00 -?2.,173E-06
~3,919E 00 -1.099F~03
~7.626E-01 -1.5883E-03
- 1.043F 00 —f.566E~04
1.728F 00 -2,8&41E-04
Z+023E 00 —~1.6905~-03
2.022F 00 ~3,353E~03
1.728E 00 -3,544€6-03
1.0932F 00 -1.818E-03
~TL920E-01 -2.240F~0)3
~3,.,97TE 00 -1.364E-03
—2.2%5F NGO -2.021F~-03
~1.119F A0 —1.633F.03
5.053E—01 ~T.451F=04
‘La33TE 00 ~1.495F-03
1.642E 00 =1.937E-03
1.641E DO -2,231€6-03
1.234F 00 -2,305€-03
4. 345F—-01 =2.361€-01
-1.134F 00 -5,58BE-04
~2.330E 00 -8,428F-04
-1.151F 00 =2.151F-n3
~1.093E 00 -1,942F-03
9.4R4E-02 -6,193E-04
9.390E-01 =1.653F~03
1.278F 00 ~1.527E-03
1.277E 00 -8.801E~04
9.340E-01 —1.830E~03
B.4%3F-02 -2.710E~D3
~1.117E 00 9.313E~04
-1.173F 00 -1.537F-03
~44B03E~01 -2,105E-03
~B.448E-01 ~1.621E-03
~1,4256-01 ~1.262E-03
5.843F-01 -1,886F-03
9.28AF-01 -1.44BE-03
9.2TTE~-01 -9.360E~04
5.805E-01 ~2,4738-03
-1.511E=-01 -3,404E-03
~8.580E-01 -1,225F-03

-4 F2RE-01

=1.462E~03

Yz

4. 1H2E-O3
3.8726-03
3.593€-03
3.383£-03
3.,229E-03
3.092E-03
2.9606-03
2.805F-03
2.5T2E-03
?2.254E-03
4.053E-03

3.45%7TE-03

3.457E-03
3.5T6E-03

-3.695E-03

3.338E-03
2.980F-03
2.742F-D3
1.907E-03
2.980E-03
2.980E-03
3.219E-03
2.9806~-013

- 3,099E=D3

3,2196-03
3,099E-03
2.503E-03
2.623F-03
1.550€6-03
3,576E-03
2.851E-03
2.384€-03
2.861E-03
2,881€-03
2.623E-03
2.623E-03
2.146E-03
2.027£-03
1.311F-03
3.45T6-03
2.623E-03
L.669E-03
2.027€-01
2.027E-03
1.907E-03
2.027€-03
1.78BE-03
1.311€-03
B.3456-04
3.099€-03

IX

-6,923E 00
~5.,375E QD
-3.830€ 00
-2.281E 0p
~T+33TE-01
3.124E-01
2.359F 00
3,908 00
5.453F 00,
7.001E 00
~5.748E 00
-6.509€ 00
-3.888F% 00
-2.252E 00
~-T.064E-01
8.361E-01
2.380F 0n
4,013F 00
5.642E QO
5.857€ 00
—3.986F 00
~5.603F 00
=3.971E 00
-2.1646F DO
-6.657E-01
8.199€-01
2.324E 00
%.129E 00
5.754E 00
4.108€ 00
-1.843€ 00
=4.232€ 00
~3.621E 00
-2.110E 00
-6,378€-01
7.783E-01
2.25%F 00
3.7728 00
4,374E 00D
L.953F Qo
-B.664E-01
-2.T51€ QO
-2.969E 0O
-1.930€ 00
~5.D2LE=-01
T.418E~-01
2.073F. 00
3.108€ 00
2.875E 00
9724501



BOTTOM-POFNT PLATF MEMBER STRAINS AND STRESSFS FOR TTERATION NO. 3

0/—4

MEMAER CONPOINATES STRATNS STRESSES N

X ¥ EPS X EPS ¥ FAS XY S1G X SIG ¥ SIG XY
T 303773501 16665601 Z4.25808-03  ~4.2574E-03  1.62145-08 " _5.2813F 00 -5.3125¢-01  1.15816-01
T 1.0000E 09 L. b6E6F-IT 24.25076-0%  ~4.7569F-07  1.1471E_08 T 2.2148F Ol ~1.6406E-01 9.5864E-02
s 1.6667F 29 L.6b66E=01 476195203 -4.25628-03  5.1156E-09 T —4.3762E 0L -2.a5166-01 ;.65;oeeazn__u
. 2.3333F 00 1.6666F-01 S4.2676-03  —4.2557F-03  4.1084E-09 | S6.0832E 01 ~2.4609E-01  2.93¢56-02
s 3.9000F 01 LarhbbE-D1 C4.2645F-03  -4.25545-03 8. 7114510 T _7.0004E o0t _—2.;609E-Gl— -6.9367E-03
. 3.666TF 00 LebbbbI-1 S4.26456-07  ~4.7554F-03  2.2239E-09 | —6.96T6F 01 -2.46096-01  1.59206-02
g 4. 2373F N0 1.6666F-01 “4.2635F-01  —4.7557F-03 -B.ﬁz%ﬁEZOQ  6.0016E 01  =2.0313£-01  6.1723€-02
T 5.0000F 30 Lobbb6r-01 :4.2;175:03 4.75696-03  1.1266E-08 T _4.2246F 01 -2.4609E-01 8.0474E-02
) 9 ;.fl’*f:?E ;ﬂ 1.;»‘1\‘.5-;—51_ :“&.2-';;5’?.:{33 -‘r:?‘iﬁ;?—ﬂ; -?.4;811::09 ) ‘—;.01525 Bl -.-l.ngDB-E.—Ol‘ I.?QISE—EZ
"o 68231390 30 1.66K4F<D1 C4.25776-03  w4.2575F-07  1.13650-09 | -2.6602F 00  ~5.31256-01  8.1179E-03
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¢i—d

STATICS PROBLEM

MAXE MUM ND, ITERATIONS = 3

PRIMARY STRUCTURE STRESSES PRESENTED AFTER LAST ITERATION AT PLATE TDP AND BOTTOM SURFACES

TILES 04 PRIMARY STRUCTURE

TiLE STRAESSES PRESENTED AFTER LAST ITERATION
TILE NOJE MAP REQUIRED

TILE ELEMENT MAP NOT REQUIRED

TILE NOJE COORDINATES NGT REQUIRED

Do NOT Q%lur ELEMENT STIFFNESS MATRICES

DD NUT PRINT ASSEMBLED STIFFNESS MATRICES

D NOT ARTHT FILE DEBUGGING INFORMAT ION

COMPUTE STRESSES FOR ALL TILES

o
[
| =

} -
[ =]
1 Z
(]

CONVERGENCE PARAMETER

S« 00IDE-Q2



£/—4

PLATE

STRINGER S

TILES

-

BRICK

PLATE

STRINGEFR 3

ARRESTOR

OrR RSI

IS0LATOR

Lx

oyl
1Y*

MY B

TA

NB1
NT1

Ee

ES

EX

NU XY
GXY
GAMMA A
ALLPHA X

EL

GAMMA ®»

L]

6+6E66TE 00

5+00000€-01
0.0 ‘

1
0W0
12668 TCE~01
¢
0

1.000C0E 07
000

6. OO0ODE 04
5+00000E-01
2+ 00Q0CE 04

0«
Dul

QL 00000E OI

Oas0

LY

Zs
)

NY £
Bi
TI

Naz

NT2

NU P

NU 5

EY

NU YZ

GYZ

ALPHA Y

NU I

ALPHA FY 7/ ALPHA RX

[

38 3F330E-01

0.0
Cs0

1
Ca0
S=000GQ0E-Q2
10

T

o~
[
ir
[}
[ JF]

3400000E-D1

JaQ

5. 00000 08
1«400Q0CE-D1
34 20000€ 04

0.0

48 QOOOCGE=-DL

[ =]
[
M
t

TP

]

¥s

i

JXY =

TZ =
TC =
ND2 =

i~
) -
tm
n

GAMMA P

GAMMA 5

EZ

N ZX

GIX

ALPHA 7

GAMMA I

]

i

7+5Q000E-0?

0«0
0.0

1+16667E 0O
Cad
1

o.o

Qe

6o QO00QOE 03

1+000Q00E=0Q2

3.20000E 04

O

De0

AY =
BETA S

ALPHA P

ALPHA P

ALPHA 1

ALPHA RZ 7/ ALPHA RX

#

L]

O340
Q4G



¥i—9

Ll N e

ER

ER?

GR?

NU R

NU R®
ALPHA R
£C

WU C
ALPHA C

TEMPERATURE
ALL
‘ALL
ALL
aLL
ALL
ALL
ALL
ALL
ALL

PROPERTY
6. 000E L4
&5.000E €3
24200E Ca
5.000E~-C1
1+000E-C2
0.0
Ol
0.0
Cel

TEMPERATURE DEPENDENT MATERIAL PROPERTIES

TEMPERATURE

PROPERTY

TEMPERATURE

PROPERTY

TEMPERATURE

FROPERTY
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DEL

NX
rz

TEMP p

PLATE OUT CF PLANE

PINNED

PINNED

FREE

FREE

Ce®

1.00000E 02

Ol

NY

U HELD, V

v HELD, U

FREE

(7]
[
[
L]
™

= a0

FREE
FREE
= L O A
NXY
M
DEL TEMP S5

Qo

|-

)~
) -

"z
1

0«0
0s 0

[l ]
it Z
twn

FREE

FREE

NYX

]

STRINGERS
EREE
FREE
00
00



9.4

[ ]
L]
[

NO STATIC THERMAL LOADING
UNIFORM YEMFERATURE OPTION
T KEFERENCE = 0,0

CEL. T U= T =T REF = 0.0

TEMPERATURE S
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SWRFACE 1

200 202 204 20¢ aca 210 212 2)a 216 218 220

199 201 2c3 20% 207 209 211 213 21s 217 219
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T\ PG e e 4t 1o e e et

6/-8

PRI WVMARY STR UCTURE DEGRETES g F FR EEDOM
GL OBAL GE OMETRY

X Y z DX DY DZ RX RY RZ
D0 G 0.0 1 Q Q 2 3 o
Qe 3e«333300E-01 0«0 4 5 0 & 7T C
626666 TOE-OY Qa0 Qa0 a8 ] 9 10 11 C
Ga6666TQ0E-D1 3«33330C0E-C1 0.0 12 13 14 15 16 [+
12333334aE 0Q C«0 Cal 17 o] la 19 20 o]
1333338 Q0 3+333200E-0! Qe 21 22 23 24 25 C
2+0D0001E OC Cs0 ’ Qs 0 1) ] 27 28 29 a
2+00CO0C1E OC 34332200E-01 Qe lr 30 31 32 33 34 o]
2+ 666568 00 0.0 040 33 0 35 37 38 G
2+556668E 00 3.323300E-C1 Qs0 39 %0 &1 42 43 C
3+333335E CC Q40 Ca0 44 ¢} a5 46 47 0
3.333335€ ¢ Je3232C0E~01 Led 48 49 50 51 52 ¢
4+2000C2E 040 Q.0 0.0 23 Q 54 55 1) o]
4+000002E 00 3«333300E-01 Cs 0 57 58 59 60 61l ¢
F.56E669E OO0 Ca Qa0 b2 0 63 64 65 G
4.H56E669F 00 3+323300E=-01 Qe 2] &7 68 69 70 2]
S5¢3J3336E 0O Q.0 0s0 71 0 Tz 73 T4 0
S5e323336F €O 3+333300E-01 Qa0 TS 76 7 78 T [+
6+0000C3¢ (0 00 0.0 80 ¢} a1 B2 B3 ¢
6.,0Q00C03€ 00 34333200E-01 Ce0 B84 a5 B6 ar 88 o
G H666TOE OO De0 Oa0 2 [v] ] 89 qc o
6+ H6E66TCE OC 3e33330CE-C1 Qe Q 9t ] 92 93 [



0g-4

N OO N O P - OO0 O O P N
OO0 QO Wa oo DO O 00 OO0 oQ OO
I8 [as- |8 m |Ba |sae [vg o0 s jos joo |
D0 o 00 9o 00 oo Qo OO0 Qo 00

rd
=}
FROR Mmoo |t § mapt | e e | ] ] 1 I Q
m

FPRIMARY

0.0

0-0

040

Qa0

STRUCTURE

DEFLECTIONS FODR

bz

=2 26461 7E~ 03
=2s 26461 BE~03
~44286T10E~-Q3
-y ZAEHIZE-0F
-5+ B70827E-03
~%5s 870 786E~03
— 6. BTTISSE~- O3
~6: 877T262E=03
=7:222328E~03
=T2222202E-03
-G B77705E-03
~&s BT7STS5E= 03
«5sB7146Q0E=D3
~ G5+ BT1363E=-03
=-fs 2BT299E- 03
— 4+ 28T7232E-03
~2s264980E-03
-2+ 2564944E-03

ITERATION MO, 1

RX

=1247351 BE~ D6
1.470131E-06
2+ 86391 9E-05
=2+.864301E-05
54041 323E~05
~5.N271S6E~0G
6 H204B0E-0S
~5«RISTOSE~DS
T» 5833 86E~05
~7+ 522025E-05
7+308084E£-05
~7+«829435€-05

Te592475E-05
=7+ 511 0B6E-05
Ge 604 0BIE-05
=6+4583716E-05
S5.0577r4E~05
—5.01350TE-05
24 B7TS29E-05
~2«489360TE~0QS
~12470409E-06
1.,4685849E-06

-

RY

3e4536T3AYE=(3
344557T33€E-03
3,2688B92E=-03
3+268B68BE=03
2+ 724951603
2e744913E-03
1 +.969B81E-03
1+4969B14E-03
1«027109E-03
1+027037E~D3
2+ 7QRTIGE~D?
2+ 323126E-07

=1+026573E=03
=1+026564E=03
=1 +969688E~03
=1+ 96IF655FE=03
—2«7a5199E-03
~24T45160E-03
«“34269351E-03
—3e269293E-03
=3s457324E-03
-3« 45T266E-03



184

PRI MARY STRUCTURE NODES ASSCCIATED WITE YILE NO.

1 3 5 T E 11 13 15 17
2 L3 ] . B 10 12 14 1& 18

1

mr

A



z

o

1 ] J ] 1 Q2
o0 e~ ol R e m

s e

¢8—d
PR ) R |ortps | e ) o R |

= OZ T~ U

CX

~3+901913E=-06
-3+ 839795 E-05
—3.676207E~06
—3¢BT1AZME-DE
=3435113%E=06
=3+ 345494E-06
~2,938153E-06
=24 9351 75E-06
~2+4608BC4E-0Q6
=2 +459236E-06
=~1+989114E-086
~1+ 24311 9E~-06

-1 .437492E-06
—~1.439067E~D5
~F¢6I3QEHE=-QT
—946332C4E~0T
=SedTHHITE-CY
=5+523403E=07

=2+230352E-07

PRIMARY STRUCTURE

T+S7I046E=08
6:3451076:08
4:20?258E:08
2-7132?65-08
1«782072E=08
1:4&55683:03
1.723919E-08
E:TITEBTE:OB

Q442074 7TE-08

DEFLECTIDNS FOR

Dz

-2, 2014826~-03
=2420148B7E~03
-841642TSE~03
~d4e lOL42GRE-0F
-51699161E~ 03
-54699124E~ 03
~646T73034E-03
—64672934E- 03
=7e 0D6560E-03
-7.006425E-03
-6+ 6TF33T70E-03
-6.673235E~ 03
—5«699720E-03
-5.699676E~03
~44164848E-03
-84 164 TTBE- 03

—2. 201 83566-03

=2+290T36E=C7 6«3B851GJE-08 ~ 2,201 798E-03
T+I21072E-08
SAXIMUM DEFLECT [ON = ~3+436177E-03 FOR DODF 93
HAXIMUM DEFLECTICN DIFFERENCE = Z.15776E-04 FOR DOF 50
MAX IMUM CONVERGENCE PARAMETER = €.41B52F-02

S0LUTION HAS NOT CONVERGED

ITERATION MCe 2

RX

=1+4572T4E-Q6
1.453203E=-06
2e B26525E=05
~2eB29292E-05
64925883 E~05
—4+916536E=0%
Ee 42 9FE6E=-0S
~5+406T14E=0S
7+ 339950E-05
~T«276067E-05
TeGASAG3IE-QS
=T+ 562677E-05
7+ 350260E-05
=~Te263929E~05
G6a 4551 1 6E=05
=~Ees3F12T7E-05
4e94492TE=-(QS
=4 B99IQSE- 05
24841 215E-05
~2.B17533E-05

~1+454991E-06
12452934 E-06

RY

J«36125TE-Q3
30361257E-03
3.175853E-03
3+175835E-03
2eB6B81913E-03
2+661B76E-D3
1.90706L1E-D3
1+9069%4E-03
Pe92324533E-04
?+9331689E-04
2e52663TE-DT
2020504 4E-07
- 4927 26 1E-04
~?e¢927156E-04
=1 +906BT6E-D3
-=1+906838E~03
=24662152E-03
—2+662102E-03
~3e1T6E9TE-D3
=3,176240F~03
-3.3615825E-03
—3+ 361 TOEBE-Q3



£8—4d

z
&
<
4

[ } |
) par

= Qo I~ U P = oY T OO0 P

1

TR IR e e e || -

334

-3.838843E-06
~3. 834992E-05

=3.615073E-06
“3eH10429E-06
=~3+2945C0E-06
=3+ 239982E~06
-2+ 838414 E-06
-2.88%486E-05
—2¢4196THE-06
~22418157E~05
=1.917€]2E=-086
—1«9176] €E~06
=1e815613E~06
—~leal171a0c-006
=44 FHTT2E~Q7
-7sS000I5E~C7
=S5e412911E=-07
~52458402E=-07
-2.211589E=07
-2 4 260 555E=07

JAXIMUM DEFLECT [QN

dAXIMUM DEFLECT ION DIFFERENCE

AAXIMUM CONVERGENCE PARAMETER

SOLUTION HAS CONVERGED

¥

)

8

2

1

1

1

2

4

&

7

FRIMARY STEUCTURE

ny

«GEBGEBTE~OB

+3713557TE-08

=2G158E5E=-08

«840901E-08

«93T94KE=-0B

«6A1173€E-08

«535TGLE-QR
:845&7!5:08
.EGQEGOEvOB
:412?20&:08
:91?2025—08

=3+ 3BASSE~C3I

£442240E~06

le90REIE-C3

For

FOR

DEFLECTIONS FOR

Dz

~2¢ 203349E~-03
—2+203352E-03

-4+ 167896E-03

 =4.16T7BBSE- 03

—54704246E-03
-8.704213E-03
- 64 6TF0YSE- 03
~6+6TF010E-03
~7s012971E~03
-7.012848E-03
= Ge67943BE=03
—6e67930BE~- 03

-5, 7TO4B69E~ 03
-5 T04772E=03

=4y |6BLEIE-Q3
-4 16B406E-03

~2.203T00E-03
~2.203666E~ 03

DOF 93

DOF 50

ITERATION NOe 3

RX

-1.455582E-06&
1, 455494E-06
24,8281 05E~05

-2, B29883E~05
4,928574E~05

-4 92054 TE~-QS
€4 43363TE-0S

~5+412840E~-08%
7.343816E~-05

~-T. 2B6BT2E-0S
T«650600E-05

— T« 5T4AS50E~05
7+356293E~05

=7+ 2721 29E~05
64458155605

-6, 3I99I2BE~05

44946388BE-05
~4.90%126E=-05
2,4842055E-05
=~2,818723E-05
=1.455612€E~06
1,453408E-06

RY

3+3640B0E-G3
3¢36407TBE-03
3al17B501E=03
34178587E=03
2e664377E=03
2eb564342E-03
L « 90B93IE~03
1«920B872E-03
Fa942634E=-04
Fa941910E-04

2ebab018E-07
2e219912E-07
=3« S3784TE-D4
=3.93732BE=04
-1 «908754E-03
=1+ FO0B8718BE~Q3
-2+ 6645619E-03
-2 e65645TIE~Q3
-34179051E=03
=3« 178B995E=03
=34 3646645E=-03
=3« 364590E-03

Rz



89

TPS DISALACEMENTS FOR TILE NO. 1 AND ITERATION NOe a

NOCE

SOD Nt W=D GE N BN -

) bk pn s e s ks o

X COMPCNENT(U])
14 257691 1E-03
1428576541~ 03
1.1883602E~03
1«4 18838595E=03
S+ 9584 64T7C-0a
G«9I5SBIE0BE~ 08
7ol 296352E=04
Tel2G4140F=04
S«TQ428F0E—-04
Ze 708032904
~1eB183864E~ 06
-1.8343690E~-06
~ 2 7A0696TE~Q4
=2 7406464E~ 04
=T+ 16729566~ 08
~72l671531E-CH
— e FITTEISE- 04
~S,397ESEBE~ 04
~—1+1923£51—~03
=141923490CE=-03
= 14261 7419E~03
~142617209€-03
—~1eF2BLEEHGE- 03
=149 2BB959E=03
~1e7I17ITIE~-03
— 14731 TE29E- 03
~1e481209E-Q3
~1e0811754E~03
—14Q0883159€E-03
—1+0B83401E-03
=~E2 TH16225E~ 043
—Ee 7614408~ 04
~1e32B2192E=-07
~141892G1TE=-0T
€2 7595852E-0a
Ee7593T780E- 04
1.0882212E-03
1.0881955€~03
1e4B11466E~-03
14481088803
1o 7T317553E-03
1.7316677E~0Q3
1e92RG383IE-03
l.9288501E-03
=1+43BERTTE~Q3
= 1«438638QE~03
=1+30R11Q5E-02
~1.3081587E~-03
—1+1065C099E-03
~1.1065663E-03

Y COMPONENTLV}
5+4584314E=-07
=446622353E=07
~1+0605394E-05
1:0675T7T9B8E-0S
-148382140E=-C5
1¢8494960E~05
~244126130E-05
2a4076551E~-05
-2 753931 0E=05
2«7345130E~-05
~2.86897T41E=-05
Z2.8420851E-05
~2¢TS86095E=05
2.7209BTHE- 05
= 24421 RB25E =05
24402592 5E-05
= 1la854894BE~ {5
1.8437131E=-05
=~1¢0657704E=0S
1:0634339E-05
S+4585439€-07
-4+ 55848B9BE-07
=3.,69059B5E-04a
3623951 3IE~04
-3.4020585E-04
324074Q0BIE~D4
=3.0802726E-04%
3.0B8762] 0E-04
~24TISIIBOE~04
2+.80619B3E-04
— 24627449 6E=04
Z226372983E-04
~2+5708741E-04
2y STI7SIBE-~04
-~ 2.6276428E-04
22636211 8E-04
=2, 7F55T66E-04
2400625428 ~04
~3.0784123E=-04%
30894089 =04
= 3:3979258E =04
3+4115440E-04
- 3+ 683834 BE-04
3.TOD995VE-D4
—1+6518414E-04
1+ 6520663C-04
~1+4886321E~04
led912240E=-04
=142930391E=-04
Le297S477E=-04

Z COMPONENT( W)
Qe 0

CsQ
=2+2033486€E~-03
~Z2e2033518E-03
=42 16789S8E-03
~44 1 6T7TBBAGE-D3
=5+ 704 2465E-03
=S+ 7042129E~03
~5s 6790953 E-D3
~6Hs6TIQVIGE~03
~T«01297Q7E=-0]
~72012847RE=03
=-£:67T943B1E-03
~6a6TIZOTVYE=D3
=5 7048686 -03
—S« TOATTLI7E=-O3
~8e16B46ISE-D3
~8a16BA4061E-D3
=2+2Q3699T7E~Q3
-2.203665TE~03

Q40

Qe
~347478809E~-03
~3a T4 76560E-03

. =52 6907944E-03

=54 6905597 E~03
~7e45S0B972E-03
=7.4506365E-03
~84B769421E-03
-84 87667 39E~03
~9.7944960E-03
-5,7941980E-03
-1.0110635E=02
~1.0110315E=02
~0, 794 A052E=0 3
~3,7944811F-03
~Be 8T TAGIGE~DD
~BsB7TLI619E-03
~7e4514151E~03
~7+4511021E-03
=5¢ 691 1409E~03
~5 2 6909099E~03
~3,7480451E-03
-3, 74 7B020E~03
~54 B4308686E=-03
~6+5435557E=03
~Bs581 6644 E~03
~B.5813478E-03
~140192931E=-02
~140192588E-02



ENO RN TyO P Putor

G849

CO PN YOG RWRS ENOOE Lo

LACAL COORDINATES
Y

%5+2578E-01
Se25¥8E-01
led0QEBE-Q1
1+408BE~D1

S522578E-01
Se2578E-0L°

1+2088E-01
1+4083E-01

1.132%€ Q0
1e1925E Q0O
Ha275SE-D1
B.0TS5SE-21
ls1925€ 0O
1el1926E D0
By 07 S5E~01
B 0755E~01

1=4591E 20
l«BS91E 00
lea7a2c Q0
1«4742E CO
1+3%9tF 00
1+ 8591E 00
14742E 0Q
144742E Q0

ZaS258E 040
24%258E 00

2a1a098 30,
2s1409E 00

2+5258E 00
2+5258E Q0
2,140% 00
2414092 00

3ol 924E Q0
3.1924E Q0
2+ 4075E 00
2+807SE 090
3.1924E 00
3,1924E 00
248075E 00
2«BOTSE 00

STRESS5ES FOP ISOLATOR AND

2 +6289E=-01
TeQ441E=-D2
2e6289E-01
Te0844E~02
2 465289E~01
Te044lE-02
2+6289E-01
7e0441E=02

2+6289E-01
TaCaalE-02
2sH6289E-01
T«Q441E-02
2 +E2BUE-0]
Tela4lE-02
2+6289E-01
Ta0441E=02

2+6289F-01
Te0341E~Q2
2e5289E-01
TeCaslE~Q2
2 +6289E~-01
Tel4alE-0OZ
2eB62BIE-01
T «QA41E=02

2.628%E=01
TaCaglE=-02

2462A9E-01 .
7.0481E-02
2 y62BYE=D1.

Te0441E-02
2 «6289E-01
T+0441E~02

2+6289E-0Q1
T+084 E-Q2
2+6209E-01
Ta0441E-02
226289E=-01
TsLaKIE-O2
2 «628B9E~01
Te0081E~-02

ELEMENT
3.9434E-02
342434E-02
3.9434E-02
3943 4E=02

1. 0566E-02

lel SEEE=D2
1.0SEEE-O2
1+0556E=02
ELEMENT
3.9434E-Q2
JeF4IKE=O2
3+ 943 4E=-02
3eG438E=-02
1+,0566E—-02
1.0 56EC-02
1.0566E-02
1.0866E=02
ELEMENT
FeFa43HE-D2
3.9434E-02
Ja9434E=-02
JaPG4I4E-Q2
1.086EE=-02
1:086€CE-02
LedS&EE-02
1.0566E~-02
ELEMENT
FeG43IRE-D2
3e9434E=-02
3a948434E=02
32943 8E-02 .
1.0566E-02
1+056€E=-02
1+056&£E-02
14056EE=~D2
ELENVENT
32F4J4E =02
3e3434E-02
3+ 943 4E-02
3+F4FRE=-02
1e0SHEE=-02
1.0566E=02
1e0S5S6EE=Q2
1.056€E=02

NUMBER

NUMBER

MUMBEFR

NUMBER

NUMBER

ARRESTOR
XX

1
=1.0207E

=1 +0208E

-1 4 0GA2E
=l+0642E
=1.a08]6E
—-140417E
= l+0363E
~14Dd63E

2
=3+ 5839FK
=-945843F
-e9211E
~2.921 5E
-3 795 9E
~94,79563E
-1.0145E
=i e01A%E

3
= Fe 1963E
~921967E
~G«3730E
- 3374 3E
-J3e421 3E
~3.4217E
-2+ 6090E
=G B6094E

&
~8,9875E
-3,9879E
-3, 07B9E
~ 3, 0793E

- 34224 6E -

=3+2250FE

—Je3220E

=J43224E
S

—849055E
~-3,9058€
=8+,9336E
=-B49340E
-Fe1501E
~s 1505E
~3218B02E
— 9. 1406E

FOR TILE NDe

¥Y

-1.0199E
=1.0199E
=1.0633E
—~1sCB3IIE

=le04123E -

=leCalaf
=~1.08B60k
- 10860

“~345THILE
-4 BTOHE
=949129€E
=949133E
-GaT7I2LE
—9.7925L
-1«0141E
~1s0142E

- S« 1902E
—941906E
~Q.36T4E
=04 36TAE
=9.4172E
=Je&lTHE
~ Qs 6048BE
=9 ,6052E

=~ B+982TE
-Bs5831F
-9, 073BE
-9,0742E
~-942203k
~942207E
= G94317VE
=943181E

=8, 901 3E
~849015E
= Bs9293E
=8,9297E
-9 1458E
=G,14b61E
-9 17S9E
—9,1762E

AND [TERATLON NO. 3

STRESSES

‘ XY
~1eQBITE ~54,3123E~06
-10637E S.31B82-=04
-1.1089E —5-3092t [+

=1+1090E

=1e0Q844E

=1.0B845E
—i.1309E
-1a1309E

G4 F871E
-4 98TSE
«1+0339E
=1+Q339E
=1.0197E
=101 97E
—1+85680FE
-1e0561E

—%e 5846E
=G4 SB50E
=G4 7TE9QE
=Ga 7704E
=94 BUOGLE
=9.B065E
=1:0001E
=1.0002E

=943683E
=5+ 368TE
=94 4637E
—9.464A2E
D¢ & DAYE
-9+ 6013E
-Ge TO23E
-Qe 7TQ2TE

=5+ 2836E
~Qe2839E
“Gy3129E
~943}33€
=G¢5232E
=F¢S23I6E
=Ge 5S46E
-2+ 5549E

T211242-C5
=7.08B6E~CS

—6e1842E-04
6.17B5Z-04
—6e1797E~-08
61828z =C4
=1l s8868E-0%
143852 =05
=1 46454205
lea2652-05

~5« 50802 -04

~4 42844 -Q5
348776209
=0 42228L-05
3.90C22-05

-3«3072E-Qa
3,28a02=-04
=3¢3245E-04
3+2670Z=04
—2B702E-DS
1.9970*-05
~2+9040E
1.9641~-05

~1.1282E-04
1.10%0:-&4

1417070 =05
S5e81712-06

YZ

141Bl1E=-Q1I
-141732E=01
1e261Cc-01l
~1425892=01
1.181L0E-01
-1 a1 TH83c=01L
1+26G5E~G1
=142590E=i1

1. 0427E~D1L
=1..0382-01
1el1226E-01
~lell9lE-~C1
leouab~01
=1e03B3C~-ul
lelZaE-01
=1e1192c~C]

S 4 2095E-D2
-5 e 1456E-D2
9,8869E-02
—$ L, E3R1lE~GE
Qe2DaTE~G2
9. 1469E-02
Q.B856c-02
-G B3n4E=0 2

b+8091E=-02
~B3 4 334BRE-02
BeBla0E-02
~ByTAIGE~C 2
Be4080E=-02
~B23309E-02
HeBl2BE=-Q2
—Se7a451lE-C2

B40732E-D2
=Te997%L =L <
Be2106E-0C2
—B.1349c-02
BaQT721E-02
=7+ 9989:-02
Ba2095E-G2
~Ba 136002

X

~1,8883E 00

=1.8B83E 00
~1.96813E 00
=1.5813E 00
=~14B952E 00
=1+B8951E 00
=1l+5881E 0O
=1l«9881F 0O

-1.6344E 00
-1+6344E 00
-1.7890E 00
-1+ 7889E €0
-1.6398€ 00
=1.0398E (0
=1e7943E 0D
-1s 7943 Q0

=1l+2399E QO
~1a2399E 00
—1+4756E .00
=]+ 4TSGE Q0
=124 28€ 00
=-Ls 284 28E 00
-1=4TB3E (O
=1les4785E 00

=T« 2296E-0Q1
=Te2297E=D1
=~14L210E 00
=1eG210E 0O
=74 24486E-Q1
=Te Z44TE~DL
=1L+ 0225 0O
~1sG225E 00

=1le3450E-01
~143451E-D1
=4 +6519E=01
=3465S21E=-01
=1a3496E-01
=1s349BE~-0]
=44 6566E-01
~4+6567E-01
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PR T P G = 7= e e o e e e
R LN FOLE N POl ENT U W

TE 4P

OOOCCONOCooo0

& % 5 B 8 p ve P st

Qs

LOC AL COORDINMATES
4 z

0as33
L2090
1s07
2+ 33
3.09
3.67
4e33
e DO
S5+ 67
he 33
O 33
1«0¢C
1eaa?
2«33
3. 00
Jeb7
4233
307
G4 H7
Ge 33
Je33
1.9Q
1467
2433
3.0n
37
4e 33
S« 09
Sefs 7
333

Ge 6T
5¢33

Le?
2033
34409
3+67
Ge372
S 00
5«67
Be 33

P Ll

TR B R SO B B BT O R B B B B B BB ]

CE0O0ULOD00GCDOCOITLRODLOV0OBO00800uedTIRL0BVICIIOLD
T O B e B e e R e R A e R e e R A e T e R ]

e % B P A E AN R B AEE A RN RSP

s g g it bl ek b 18 s ot ek Rk S B ek P ok B 1 g b gt o B P et b T ek ek R R et e

Qe 02
Qs 02
Q.02
0402
Dag2
Da02
DaQ2
De02
De02
0«02
Oel3
D.13
G113
Call
0e13
Qell
0,13
Qal3
Qel3
Os13
0w 30
0«30
O« 3C
Q¢ 39
Q30
0,30
Qe 380
Qe 33
0«30
Qw30
Gett 7
Oel 7
Cad?
Dasa?
Q047
Qu 47
Oa.a7T
Dea?
QeaT
Qe a7
Q.63
Qe &3
De 63
Ca &3
O 63
Qe63
Get3
0«63
063
Catc3

*
XX

GeSA5E-C5
4 a3 HE=-CH
Ba245E~CS
1« 272E=C4%
1 €28E~04
1e529E—-04
1e272F-C4
Be 240E-C5
44323E-CS
G, S33E-Q5
2eABTE=04
3+ 391E=04
S+160E-046
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APFENDIX C

FINITE ELEMENT TYPES USED IN REXS¥I*ST

The active degrees-of-freedom (dof) for an element are defined as the dof for
which there is at least one nonzerc term in the correspeonding row of the element
stiffness matrix., The nodes and sctive dof per node, for each type element

included in the RESIST computer program, are defined in (Figures C-1 through c-L).



CORNER NODES

¢ BENDING AND MEMBRANE STIFFNESS

@ FOUR NODES AT PLATE MIDDLE SURFACE

e ACTIVE DOF PER NODE ARE x, y AND z DEFLECTIONS
AND x AND y ROTATIONS

e LUMPED MASSES AT NODES

Figure C-1 Primary Structure Isotropic Plate Element

/

4
\ V) CENTROIDAL NODE

CENTROIDAL NODE f \
PAD

PLATE ATTACHMENT NODES

o ARBITRARY CROSS SECTION BENDING, TWISTING AND
AXIAL STIFFNESS .

s TWO CENTROIDAL NODES AND TWO ATTACHMENT NODES

e ACTIVE DOF ARE x, y AND z DEFLECTIONS AND ROTATIONS
AT ATTACHMENT NODES ONLY. NO ACTIVE DOF AT
CENTROIDAL NODES

o LUMPED MASSES AT CENTROIDAL NODES

Figure C-2 Primary Structure Uniform Stiffener Element



NODE

¢ THREE DIMENSIONAL STIFFNESS ELEMENT

e EIGHT CORNER NODES

e ACTIVE DOF PER NODE ARE x, y AND z DEFLECTIONS
.. o LUMPED MASSES AT CORNER NODES

Figure C-3 Three Dimensional Orthotropic TPS Element

. z NODE
\ ' A

f —- X

LS

e TWO DIMENSIONAL MEMBRANE ELEMENT

» FOUR CORNER NODES S

e ACTIVE DOF PER NODE ARE x AND y DEFLECTIONS ONLY
e INERT!IA EFFECTS NEGLECTED FOR THESE ELEMENTS

Figure C-4 TPS Thin Membrane Coating Element



